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The forgings illustrated are typical of the large Aluminum Alloy Airplane 
parts in current production on the heavy presses at Wyman-Gordon. 


A new era in the art of forging has been demon- WYMAN G OR DON Co 
strated as production goes forward on this 35,000- - > 
ton closed die forging press. Larger forgings with Established 1883 


thinner sections and closer tolerances than here- FORGINGS OF ALUMINUM « MAGNESIUM 
tofore possible open new concepts in forging STEEL ¢ TITANIUM 


design. Wyman-Gordon continues to pioneer by WORCESTER 1, MASSACHUSETTS 
~— Keeping Ahead of Progress. HARVEY,ILL. © DETROIT, MICH. 


f : 


' 
' 
' 


Published to provide a continuing, authori- 
tative, and up-to-date record of tech- 
nological, engineering, and economic VO L 
progress in all branches of the metals 
industry by the 
Metals Branch 
American Institute of Mining and 
Metallurgical Engineers, Inc. NEWS 


29 West 39th Street, New York 18 
Employment Service Drift of Things 


RIXFORD A. BEAI Coming Events Reporter 
Editorial Director 
Industrial Notes AIME News 
M. SNEDEKER Books for Engineers Personals 


Assistant Editors 
1956 Aunaal Meeting Program 


METALS BRANCH COUNCIL 
J. H. Scaff Chairman 
R. W. Shearman Secretary “Titantam Symposium 
).S. Smart, Jr IMD Chairman 


A. W. Thornton 1SD Chairman 

A W Schlechten EMD Choirmon IMD Fall Meeting, Philadelphia, October 1955 
PT Stroup M E Volin 
J. S. Marsh O S Eppelsheimer Keynote Address 


EDITORIAL ADVISORY COMMITTEE 


J. S. Smart, Jr Chairman 
W. A. Dean Evan Just 


J.C. Kinnear, Jr John Marsh 
T. D Jones M. Tenenbaum Status of Titanium Fabrication and Use 


TECHNICAL PUBLICATIONS 
OMMITTEES 

™ ae Background for Practical Heat Treatment of 

rbiter nowmor . 

ISD Choirman Various Titanium Alloy Types 

Dickinson EMD Chairmar 


The Present Status of Titanium Development 


mor 


Se Secretary The Future Use Pattern for Titanium 


TU 


TRANSACTIONS 


Interaction Between Metals and Atmospheres 


GRACE PUGSLEY Production Manage 
During Sintering 


W. J. SEWING Asst Prod Mgr 
WARREN V. SMITH 
Bester Advertising Manager Surface Tensions of Silicates 
B08 WILSON Surface Structure of Nonoxidizing Slags Containing 
Western Advertising Manager Sulsher 
Millard Ave., Fox River Grove, III P 


The AIME Publishes: 
Journal of Metals This issue of JOURNAL OF METALS is in two Sections: 


Section 1—Magazine Section 2—Transactions Section 
Journal of Petroleum Technology 


Published the first 
N Te 


pnone 


JANUARY 1956, JOURNAL OF METALS— 


JOURN 
4 
/ 
8 NO. | JANUARY, 1956 
| 
CE 
65 
69 
J 
21 
N. / 
H.B a 
Mesick 42 
| 
Advertising Directo 
49 
53 
59 
| 
day of each month by the Arr f MA 
for AIME $4 addit ption to ay 


— Sonics — 


HE following employment iterns are made 

ovoilaoble to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service inc, operating in cooperation 
with the Four Founder Societies. Local offices 
of the Personnel Service are at 8 W. 40th St, 
New York 18; 100 Farnsworth Ave, Detroit; 
57 Post St., Sen Francisco; 84 E. Randolph St, 
Chicego 1. Applicants should address al! mail 
to the proper key numbers in core of the New 
York office and include 6c in stamps for for- 
warding and returning application. The ap- 
plicant agrees, if placed in a position by 
meons of the Service, to poy the placement 
fee listed by the Service. AIME members may 
secure a weekly bulletin of positions available 
for $3.50 a quarter, $12 a year 


POSITIONS OPEN 


Metallurgist-Ceramist, to lead pro 
grams of materials and process de- 
velopment in field of cemented tung- 
sten carbid Degree and five years 
experience a. ired in powder metal- 
lurgy processes or refractory alloy 
development Strong _ theoretical 
background preferred plus familiar- 
ity with powder metal processing 
technique and equipment. Location, 
Michigan. W2283D 


Junior Metallurgists, recent grad- 
uates, for training in high tempera- 
ture alloys, pure metals, vacuum 
melting for research laboratory. Lo- 
cation, Pennsylvania. W2270. 


Metallurgists, young, BS, MS 
and Ph.D. degrees; experience de 
sirable, for company engaged in all 
phases of semiconductor work; re- 
search, development, pilot produc- 
tion, and regular production. Salaries 
open. Location, Mass. W2258 


Metallurgist with supervisory ex- 
perience in electrolytic zine produc 
tion and plant control for European 
plant start-up. Ability to speak 
German an asset. Salary open. Head- 


quarters, New York, N. Y. W2593 


Tube Mill Superintendent, 35 to 
45, graduate, with 10 years experi- 
ence in production supervision of a 
tube mill and related activities. Ex- 
perience in metals of aluminum or 
steel desirable. Salary open. Loca- 
tion. Northwest. W2578(a) 


Assistant Superintendent, 35 to 55, 
for job shop fabricating and welding 
stainless steel and other alloy prod 
ucts ranging into large, heavy tanks 
Must have had at least five years 
experience in welding of alloys and 
preferably stainless steel and have 
knowledge of fixtures and welding 
engineering. Salary, $7000 to $9000 
a year. Employer will pay placement 
fee. Location, Chicago. C4098 


Metallurgist, ceramist, to lead pro. 
grams of materials and process de 
velopment in field of cemented 
tungsten carbides. Degree and five 
years’ experience desired in powder 
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metallurgy processes or refractory 
alloy development. Strong theoreti- 
cal background preferred plus fa- 
miliarity with powder metal proc- 
essing technique and equipment. 
Location, Michigan. W2283D. 


Production Engineer, young, M.E 
graduate, with metal mill processing 
experience for rolling mill produc- 


shift basis. Salary, 
Location, Mid- 


tion duties on 
$4800 to $6000 a year 
west. W1236. 


SENIOR 
ENGINEER 


Ph.D. in Chemistry, 
Physics, or Metallurgy 


For Materials Research and Ra- 
diation Studies Group of the Air- 
craft Nuclear Propulsion Dept 


A highly position on 
an important and interesting pro) 
ect the application of nuclear 
power for flight. This work involves 
analysis and coordination of all 
data relative to the effect of radia- 
tion on materials 


responsible 


It requires an active interest in 
the structure of materials and in 
the reasons for observed radiation 
effects, plus 8 to 10 years experi- 


| 
| 
| 
| 
| 
| 
| ence in the study of the effect of 
| 


neutrons and gamma radiation on 
materials 
Publication of Research 
Results in the Appropri 
ate Classified or Open Lit- 
Encouraged 
Positions Open in Cincinnati, 
and idaho Falls, idaho 
Send complete resume to 
MR. W. J. KELLY, CO. 
O. Box 142%, Cincinnati 15, Ohie 
MEK. L. A. MUNTHER, G.E. CO. 
O. Bex 555, Idaho Falls, Idaho 


erature ts 


GENERAL ELECTRIC 


WANTED: Young graduate 
metallurgist experienced or 
interested in powdered met- 
als field. Work in product 
research and development 
in Metals Research Division. 
Send resume to Dr. W. M. 
Shafer, National-U. S. Ra- 
diator Corporation, Johns- 
town, Pa. 


GROWING ORGANIZATION 
Fine opportunities to meet 
expanding needs of Eastern 
tungsten carbide manufac- 
turer 
e Production Manager 
e Metallurgist 
Please write president, all 
information confidential 
Prompt interviews 


Box A3-M AIME 
29 West 39th St., New York 18 


Metallurgists 


opment, 


Metallurgical 


ducive to 
Shore” 


12-24 CONGRESS STREET, BEVERLY, MASSACHUSETTS 


following areas 
Reduction Process Metallurgy, 
ond Process Development 

Metoaliurgist: BS. of MS 
Engineering, 2-3 years 
preferably in Powder Metallurgy and/or any of 
the above listed concentrations 
if you qualify for either of these positions and 
Gre interested in a small but expending company 
with excellent future potentiol, we can offer you 
@ salary commensurate with your ability, modern 
laboratories and equipment, an atmosphere con- 
creative work and 
seaside living where the adult education 
and recreation facilities of Boston are handy 


We have two openings for well qualified per- 
sonnel! who are interested in personal 
and broadly challenging technical problems. 

Metallurgica! Group Leader: Ph.D. or D.Sc 
in Metallurgy or Metallurgical Engineering. Mini- 
mum 5 yeors experience in one or more of the 
Powder Metallurgy, Alloy Devel- 


progress 


Product 


in Metallurgy or 
experience 


suburbon “North 


Request our Technical Application or send 
@ complete personal resume to 


PERSONNEL DIRECTOR 


Metal Hydrides 


INCORPORATES 


| 
| | 
| 
| 
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Metallurgical Engineer, graduate, 
with minimum of five years experi- 
ence. Salaries, $6000 to $10,000 a 
year. Location, Midwest. W2135(c). 


Junior Metallurgist, degree in met- 
allurgy, mining or chemical engi- 
neering, to perform control work and 
ore dressing research in a 5000 ton 
magnetic-gravity-flotation mili. Ex- 
cellent opportunity for recent grad- 
uate to learn many phases of mill- 
ing. Salary open. Location, North- 
east. W2127. 


METALLURGIST 


needed as Process Metallurgist 
in brass mill manufacturing bery! 
lium-copper, phosphor-bronze and 
nickel-silver in the form of strip, 
wire and rod 

Reply fully in writing, giving 
age, experience and salary desired 
to: Personnel Department, The 
Riverside Metal Company Division, 
H. K. Porter Company, Inc., River 
side, New Jersey 


METALLURGISTS—Unusual oppor 
tunities for B.S. M.S., and Ph.D 
Metallurgists and Physicists in our 
Laboratories for Research and De 
velopment in such problems as de 
formation, structure, alloy studies, 
physical properties, and phase di 
agrams. Excellent opportunity for 
creative work and professional ad 
vancement Permanent employ 
ment, employee benefits, liberal 
educational refund plan. Scientific 
publications encouraged Send 
complete resume of background to 
Personne! Director, THE FRANKLIN 
INSTITUTE, Philadelphia 3, Pa 


WANTED 
PRODUCTION SUPERVISOR 


Exceptional opportunity for 
permanent position responsi- 
ble DIRECTLY TO THE 
PRESIDENT for man under 
40 with good education and 
experience in mass produc- 
tion especially of medium 
sized forgings, hardening 
and finishing, and to set up 
and operate production con- 
trol and cost in modern pro- 
gressing plant with friendly 
atmosphere. Apply in con- 
fidence with full informa- 
tion to: 
Ernest Estwing 


ESTWING MFG. CO. 
Rockford, Ill 


Position open for Metallur- 


gist in major aircraft com- 


pany. Applicant should 


have varied experience in 


both physical and process 


metallurgy, plus the ability 


to organize research proj- 


ects and write clear, con- 


cise reports. Strong super- 


visory potential required. 


Box Al-M AIME 
29 West 39 St., New York 18 


PROCESS DEVELOPMENT 
METALLURGIST 


Challenging new supervisory position in 
expanding Research and Development 
Department Technical investigation 
and evaluation of new or improved 
processes for smelting, refining and 
processing Company now operates 
blast furnaces, open hearths and acid 
converters. Planning to install electric 
furnaces and oxygen converters. Met 
allurgical or chemical engineering back 
ground with advanced scientific train 
ing iN process metallurgy Attractive 
salary. Address replies to 
Director of Technical Services 
Jones & Laughlin Steel Corporation 
Pittsburgh 30, Pa. 


SALES ENGINEER— 
PRECISION CASTINGS 
Prominent manufacturer of high 
quality precision castings, ferrous 
and non-ferrous has need for capa 
ble, aggressive Sales Engineer 
Should have metallurgical back 
ground, preferably degree, and be 
familiar with needs of industry in 
the precision (investment) casting 
field Good possibilities for ad 
vancement for the right man. Sal 
ary commensurate with experience 
ability Midwest location 

Please forward resume to 
Box A2-M AIME 
29 West 39 St New York 18 


RESEARCH METALLURGISTS 


The progressive programs at Ar 
mour offer professional develop 
ment opportunities not only in cur 
rent metallurgy subjects but also in 
fields which will be important in 
the future Assignments are cur 
rently available in the following 
areas APPLIED METALLURGY 
POWDER, PHYSICAL, MECHANI 
CAL, NON-FERROUS, and EX 
TRACTIVE METALLURGY 

For further information about these 
programs, send inquiries to 


Mr. T. E. DePinto 


ARMOUR RESEARCH 
FOUNDATION 


of Illinois Institute of Technology 
10 West 35th St 
Chicago 16. Illinois 


RESEARCH AND 
DEVELOPMENT 
METALLURGISTS AND 
METAL PHYSICISTS 


We are looking for scientists 
and engineers who are cre- 
ative thinkers and who want 
to do research and develop 
ment in the field of high 
temperature alloys and their 
application to new types of 
power plants. Areas to be 
investigated include 


HIGH TEMPERATURE 
METALS AND 
REFRACTORY 

MATERIALS 


NUCLEAR REACTOR 
MATERIALS 


HIGH TEMPERATURE 
BEARING AND 
FRICTION MATERIALS 


Clevite Research develops 
new principles and new 
products for other units of 
Clevite Corporation. It is a 
young organization where 
good work is quickly recog 
nized Your professional 
growth will be accelerated 
by your associations with 
men from other fields such 
as electronics, mechanics, 
chemistry 


Address 
E A. Gentry, 
Personnel Manager 
CLEVITE RESEARCH 
CENTER 
540 E. 105th St 
Cleveland 8, Ohio 
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throughput... 


ton-Cadillac Hotel and Hotel Statier, De- 
troit 


Jan 18, AIME, NOHC, Western Section, 


low pressure Rodger Young Auditorium, 996 W. Wash 


ington Bivd., Los Angeles 


Jan. 18-20, Society of Plastics Engineers, Inc., 
annual technical conference, Statier Hotel, 
Cleveland 


How to get both with 


Jan. 19, AIME, Cleveland Section, annual 
meeting and ladies night Manger Hotel 


one high-vacuum pump Cleveland 


Jan. 24-25, Chamber eof Commerce, confer- 
m water resources policy, St. Louis 


PROBLEM: tow can you best pump a 
chamber at the pressure range which ts too tent 


lone hanical k k 
ow tor mechanical pumps to work at pea 
Fypical application 1000¢ melting and Jan. %0-Feb. 1, International Conference on 
casting furnace eflicrency, too high for most diffusion Fatigue in Aireraft Structures, Columbia 
Speed for air 18,000 Iiters/sec. ot 4 pumps? In most metallurgical processes University, New York 
mcrons 
this is the very range where peak gas Feb. 1-2, Midwest Welding Conference, Ar 
Throughput for air: 1,000,000 micron | | mour Research Foundation, Llinois Insti 
occur tute of Technology, Chicago 


liters / sec 


Ultimate prewure: 4 « 10°'mm Hg. 


16, AIME. Cleveland Section, dinner 


SOLL TION: KS oil diffusion- Mantel. Chovelend 


ejector pumps. The KS pumps have tre- 

J pumps. The KS pumps bh Feb. 20-23, AIME, annual meeting, Statler 

mendous throughput in the critical pres- and New Yorker Hotels, New York 

sure area mentioned. Their ejector stage Feb. 26-29, American Institute of Chemical 

quickly removes the great bulk of the ga- Engineers, Statler Hotel, Los Angeles 

left after initial mechanical pumping. In Feb. 27-Mar. %, ASTM, committee week 
Statler Hotel, Buffalo 


the one to five micron Ilg pressure range, 
their diffusion stage swings in and drops 
pressure to as low as 


Mar. 15-16, Steel Pounders’ Seciety of Amer 
jea, annual meeting, Drake Hotel, Chicago 


Mar. 19-21, AIME, Niagara Frontier Local 
Section, Regional Meeting on Reactive Met 


RECOM Vie VD ITION: When you als, Statier Hotel, Buffalo 

want to produc e and hold a low ressure Mar. 19-23, ASTE, national convention and 
and you want it done economically, con- a ang gee International Amphi 
sider a CVC KS pump. 


Mar 71, AIMEE, NOHC, Western Section 
Rodger Young Auditorium, Los Angeles 


VOTE: Another important design fea- 


Mar. 29-30, AIME, Southern California Local 
ture for tallurgs t the extra w Section, Symposium on Physical Metallurgy 
Typical application 350-5004 melting unobstructed clearance between jets and of Titanium, University of California, Los 
Angeles 
and casting furnace pump casing in the KS series. The dust — 
Speed for air: 4,750 liters/sec. at 5 found in most of your processes and equip- A oh eet Union of Crystallogra- 
microns Madrid, Spain 
ema ¢ ment will not clog or damage the jets of 
foughput for air 90,000 micron- j Apr. 9-11, AIME, Blast Furnace, Coke Oven 
liters/sec these pumps. and Raw Materials and National Open 
Ultimate pressure: 2 Hg. For further information, write for data Plaza 
otel, Cincinnati 


sheets. Please specify your application, 


Apr 18-20, National Industrial Research 
Cenference, Armour Research Foundation, 
lilinois Institute of Technology 


pr. 72-26, American Ceramic Seciety, Stat 
ler Hotel, New York 


. American Insitute of Electrical 
, national meeting, Bradford Hotel, 


Apr. 4%, Electrochemical Society, Inc., 
Mark-Hopkins Hotel, San Francisco 


Institute of Chemical En- 
Hotel, New Orleans 


May 6-9, America 
gineers, Roosevelt 


May 14-17, Design Engineering Show, Con 
vention Hall, Philadelphia 


AIME, Western Section NOHC 
Young Auditorium, Los Angeles 


May 146, 
Rodger 


May %2-25. Seeclete de Chimie Physique (‘So 
ciety of Physical Chemistry), annual re- 


KS-600 union, Paris, France 
Typical application 5-504 melting and ( 
KS-200 June 4-7, Material Handling Institete, show, 
casting furnace Public Auditorium, Cleveland 
Speed for air; 750 liters/sec. at 5 Typical application: Small melting and sintering 
microns furnace June 5, AIME, NOHC, Buffalo Section, golf 
Throughput for air: 6,000 micron-liters Speed for air: 350 liters/sec. at 10 microns party 
sec Throughput for aw: 6,000 micron-liters sec Jene 13, AIME, NOHC, Pittsburgh Section, 


Ultimate pressure: | « 10 *mm Hg Ultimate pressure: | «x mm Hg. golf party, Pittsburgh Field Club 


Jeune 17, ASTM, annual meeting, Chalfonte- 


Consolidated Vacuum Corporation Haddon Hall, Atlantic City 


of CONSOLIDATED ENGINEERING CORPORATION, adena Cal fornia June 22-July 6, International Machine Teo! 
Exhibition, Olympia, London, England 


CVC sales now handied through Consolidated Engineering Corporation with offices 
located in: Albuquerque Atlanta Boston Buffalo « Chicago Dallas Detroit 
New York © Palo Alto Pasadena « Philadeiphva Seattle Washington, C. 


Sept. 26-28, AIME,. Rocky Mountain Minerals 
‘onference, Salt Lake City 
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Will Vacuum Melted Metals do for YOUR 
Product what they do for Jet Planes ? 


A Vacuum Furnace will help you get the Answer 


The roaring gas turbines of 1000 mph jet planes use 
vacuum melted metal parts to withstand temperatures 
and stresses that would ruin conventional metal. If you 
use metal under severe conditions in your product... or 
require “cleaner” metals for smoother surfaces, you 
should be testing vacuum melted metals today. A high 
vacuum furnace will help you speed up these tests by 
supplying your researchers with a ready supply of 
varying alloys. We have made and operated more 
high vacuum furnaces than anyone in the world. Can we 
help you, too? Send coupon below today. 


NARESCO 


PRINCIPAL CITIES 
CORPORATION ¢ 


SALES OFFICES 
In 


NRC Model 2555 Vacuum Furnaces are now being used by 
leading aircraft companies, engine manufacturers, investment 
casters, specialty steel producers to speed up the development 
of new materials that will meet ever more severe operating re- 
quirements. 


NARESCO EQUIPMENT CORPORATION 
Subsidier of NATIONAL RESEARCH CORPORATION 
Dept. 181 Cherlemont St., Newton Highlands 61, Mans. 
Send me your Vacuum Furnace Bulletin () Hove your representative call 


Title... 
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STEEL, 
FOUNDRY 


NON- 
FERROUS 


METALLURGICAL 
INDUSTRIES 


@ CHROMIUM METAL 
(min. 98% Cr) 


@ CHROMIUM METAL “99” 
(min, 99% Cr) 


@ FERRO COLUMBIUM 

@ MELTING BASE ALLOY 
(30% W 
LOW-MELTING PT. 
fe BASE ALLOY) 


@ ZIRCON SAND 
AND FLOUR 


| 
SHIELDALLOY 


CORPORATION 
EXECUTIVE OFFICES: 
199 PARK AVENUE, NEW YORK 16, N. Y 
PLANT: 
NEWFIELD, NEW JERSEY 


6—JOURNAL OF METALS, JANUARY 1956 


© Special fellowships for the aca- 
demic year 1956-57 have been made 
available by the Atomic Energy 
Commission. They are in relatively 
new fields—industrial hygiene and 
radiological physics. The centers of 
the radiological program are Uni- 
versities of Rochester and Washing- 
ton, and Vanderbilt University. The 
industrial hygiene fellows will at- 
tend either Harvard University or 
the University of Pittsburgh. Addi- 
tional information may be obtained 
from the Fellowship Office, Univer- 
ity Relations Div., Oak Ridge In- 
stitute of Nuclear Studies, P. O. Box 
117, Oak Ridge, Tenn. Completed 
applications, reference letters, etc., 
must reach the Institute not later 
than Mar. 1, 1956. 


© A Pittsburgh Lectromelt’ top 
charge furnace was recently in- 
stalled at Atlantic Steel Co., Atlanta, 
Ga. This is the second such unit to 
be installed by the Atlanta firm 
within the past three years. With a 
rated capacity of 75 tons, the furnace 
can produce more than 125,000 tons 
of steel annually. This will increase 
the company’s total ingot capacity 
by 30 pet 


® Vanadium Corp. of America has 
announced plans to build a modern 
plant for ferroalloy production in 
Jefferson County, Ohio. The com- 
pany has taken options on land com- 
prising approximately 350 acres. Op- 
erations are scheduled to commence 
in the latter part of 1956. 


e A new melting dept. for produc- 
tion of high alloy steels has been 
announced by Allegheny Ludlum 
Steel Corp. It will make available 
250,000 lb per month of high per- 
formance alloys to industry 


@ The world’s largest aluminum plate 
stretcher, with a 5 million lb pull at 
Kaiser Aluminum & Chemical Corp.'s 
Trentwood, Wash., rolling mill is 
being doubled in power. Present size 
of the stretcher to be doubled in 
strength is 81 ft overall, 18 ft wide 
and more than 9 ft high. It weighs 
275 tons 

*® Bausch & Lomb Optical Co. has 
announced a new spectrograph ac- 
cessory, the Petrey stand. It will 
hold any shaped samples that have 
at least one flat surface that will rest 
on the platform. No special tools are 
necessary to handle hot electrodes. 
A release enables it to be loaded and 
unloaded rapidly and a tray catches 
the hot electrodes. 


e The Monofrax refractories plant 
of the Carborundum Co., located in 
Falconer, N. Y., will be modernized 
and expanded. The program, costing 
$1% million, will be accomplished in 
progressive stages during the next 
five years 


© Harbison-Walker Refractories Co. 
has purchased an interest in Fabrica 
de Ladrillos Industriales y Refrac- 
tarios, S. A., Mexico. The name will 
probably be changed to Harbison- 
Walker-Flir, S. A. Fireclay and silica 
refractories ave now produced at 
Monterrey and the plant is now in 
the process of enlargement. 


© A magnetic plate clamp marketed 
under the trade name of Bux is 
being produced at the Buck Mfg. 
Co., Los Gatos, Calif. The Bux Ptate 
Clamp pulls edges of heavy steel 
plates flush and holds them securely 
in position for butt welding. It is 21 
in. in overall height and approzi- 
mately 50 lb in weight. 


Platinum resistance temperature 
detectors that are small and have 
high speed response now are offered 
for use in precision temperature 
measuring and control systems. A 
product of Fielden Instrument Div. 
of Robertshaw-Fulton Controls Co., 
the unusually flexible detectors may 
be applied to temperature ranges 
from 330° to 1380°F. 


e A new device for polishing metal 
has been announced by Minnesota 
Mining & Manufacturing Co., St 
Paul, Minn. Called the PG (polish- 
ing and grinding) wheel it consists 
of hundreds of pieces of cloth-coated 
abrasives factory formed into a 
wheel that can be used on rotary or 
straight line automatics or on stand- 
ard lathes for hand operations. 


e A brochure The Rate of Heat Ab- 
sorption of Steel is being distributed 
by Bloom Engineering Co. It details 
a simplified method by which the 
heating rate of steel can be cal- 
culated and the center temperature 
of the piece predicted. Copies can 
be obtained from: Bloom Engineer- 
ing Co., Inc., 857 W. North Ave., 
Pittsburgh 33, Pa. 


© Pennsylvania Salt Mfg. will build 
a new organic fluorine chemicals 
plant at Clavert City, Ky. Initial 
products will serve the refrigerant 
and aerosol propellant fields. Future 
products are expected to find uses in 
plastics, lubricants, metal fluxes, and 
ceramics, among others. 


® Technical data and information on 
the newest electric resistance weld- 
ing research and application to 
problems of industrial fabrication is 
available from the technical editor, 
Sciaky Research Center, 2311 Pur- 
due Ave., Los Angeles. The research 
and development work covers a va- 
riety of items from aircraft struc- 
tural welding to light industrial 
applications. Metals used include va- 
rious alloys, nickel Inconel, titanium, 
zirconium, and stainless steels. 
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ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Dept. AIME members given 10 pct 
discount whenever possibie. Please 
order Government publications direct 
from the agency concerned. 


Proceedings of the Sixth Meeting 
of the International Committee 
for Electrochemical Thermodynamics 
and Kinetics, Butterworths Scientific 
Publications, 567 pp., 1955.—This 
volume contains more than 50 
papers, with discussions, of the pro- 
ceedings at the meeting held during 
September 1954. The material con- 
tained gives a general picture of the 
preoccupations and opinions of the 
group at that time rather than a 
finished work and final opinions. 


Directory of the Steel Foundries in 
the U. S., Canada, and Mexico, Steel 
Founders’ Society of America, $10.00, 
1955.—In addition to listing every 
known foundry, this directory gives 
basic information as to type, size, 
and kind of steel castings produced. 
It also lists melting, heat treating, 
and special processes used, as well 
as rated capacity and number of em- 
ployees along with key personnel. 


Vocational and Professional Mono- 
graphs, No. 33, Metallurgy, by Alvin 
S. Cohan, Bellman Publishing Co., 
$1.00, 20 pp., 1955.—This covers the 
personal qualifications required for 
engaging in the work, scholastic 
training needed, employment oppor- 
tunities, remunerations, etc. 


Hydraulic and Pneumatic Operation 
of Machines by H. C. Town, Philo- 
sophical Library, $7.50, 192 pp., 1955. 
—Part I of this book describes the 
advantages and limitations of oil for 
power transmission and shows the 
main types of pumps used. Circuit 
diagrams are included. Part II deals 
with pneumatic developments. Ex- 
amples of hydropneumatic devices 
conclude the book. 


Solid State Physics, Advances in Re- 
search and Applications, Vol. 1, ed- 
ited by Frederick Seitz and David 
Turnbull, Academic Press Inc., 
$10.00, 469 pp., 1955.—The need for 
an up-to-date treatise on solid state 
science that reviews comprehen- 
sively all of the important facets of 
the subject has been recognized. This 
first volume of an intended series 
contains the following material: 
Methods of the One-Electron Theory 
of Solids; Qualitative Analysis of 
the Cohesion in Metals; The Quan- 
tum Defect Method; The Theory of 
Order-Disorder Transitions in Al- 


loys; Valence Semiconductors, Ger- 
manium and Silicon; and Electron 
Interaction in Metals. 


Books for Engineers 


Reactor Handbook, 3 vols., McGraw- 
Hill Book Co., Inc. Physics, $12.00, 
790 pp.; Materials: General Proper- 
ties, $10.50, 610 pp.; Engineering, 
$15.00, 1075 pp., 1955.—The physics 
volume of this handbook covers 
theoretical and experimental tech- 
niques for design of research re- 
actors. The volume on materials 
presents information on availability, 
processing, and properties of solid 
materials used in reactor applica- 
tions. The engineering volume covers 
design of various types of fluid-fuel 
reactors and fixed-fuel reactors. 


‘only as: 


testing 
machine 


accuracy 


Abstracts of the Literature on Semi- 
conducting and Luminescent Mate- 
rials and Their Applications, com- 
piled by Battelle Memorial Institute, 
John Wiley & Sons, Inc., $5.00, 200 


pp., 1955.—This is the 1954 issue of 
more than 750 abstracts on the 
properties and applications of ger- 
manium, silicon, selenium, tellurium, 
oxides, sulphides, and other mate- 
rials. Abstracts of both foreign and 
domestic publications are included 
and give enough detail to minimize 
the necessity of consulting the origi- 
nal article. 


Capacities more than 


30,000 Ibs. 


Capacities up to 30,000 Ibs. 


Steel City Proving Rings, calibrated by the National Bureau 
of Standards, check the accuracy of your equipment. 


Steel City Proving Rings are of the direct reading type . . . indicator 
graduations are in .0001”", and the resultant readings are translated 
into pounds or kilograms by calibration reports furnished with the 
rings. No adjustments are necessary ... do not require experienced 
operator to get accurate results. Used for checking loads on Brinell, 


Universal, other testing machines and presses. 


Steel City has qualified soles representatives in all major metal- 
working areas to give you personal attention. 


Manufacturers ef machines for testing physical properties of metals, including: 


|X 


8825 Lyndon Ave., Detroit 38, Mich. 


++. and Special Testing Machines, 
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DITORIAL Director Rix Beals walked into the 
Secretary's office last month with an opportunity 
for me to write Drift for January. This is a partic- 
ularly opportune month, since it gives a chance to 
review the activities of 1955, a year that included 
the last several weeks of Leo Reinartz’ term of office 
and most of H. DeWitt Smith’s year as President 
During 1955, the Institute had the largest net in- 
crease in new members including Student Associates 
of any year in its history. Total membership at the 
end of the year was approximately 26,300 and AIME 
now has 69 Local Sections and 71 Student Chapters 

Two or three day regional meetings are being 
encouraged to bring to more members the technical 
papers that time does not permit at an evening Local 
Section meeting and that distance prevents many 
members from hearing at national gatherings. How- 
ever, Annual Meeting attendance has not suffered 

The 1955 Annual Meeting was the largest out-of- 
New York meeting on record. Perhaps the readers 
will understand that the writer remembers this 
meeting as the occasion when he was elected Secre- 
tary of the Institute as well as for the unusually fine 
meeting arranged by the Chicago Section under the 
general chairmanship of Bud White. Just nine years 
before, the Annual Meeting in Chicago had been the 
first Institute meeting attended by your Secretary as 
a staff member 

During the year records were broken by many 
other meetings of Institute groups, of which we 
were fortunate enough to attend the Petroleum 
Branch Fall Meeting in New Orleans with over 2500 
registered, the Institute of Metals Div. Fall Meeting 
in Philadelphia attended by 830, the Electric Fur- 
nace Steel Committee Meeting in Pittsburgh which 
attracted 950, the Rocky Mountain Minerals Con- 
ference and MBD Fall Meeting in Salt Lake City 
with about 450, and the all-day, all-AIME Pitts- 
burgh Section meeting which drew over 800. Need- 
less to say, outstanding technical programs at these 
meetings played an important part in setting these 
attendance records 

Particularly gratifying was the opportunity to at- 
tend the Joint Metallurgical Societies Meeting in 
Europe last June. Former AIME President Clyde 
Williams and your Secretary represented the Insti- 
tute at this international gathering participated in 
by eight societies from Europe and the U. S. and at- 
tended by well over 1000 registrants 

The year 1955 will also be remembered for the 
letter ballot which by a 12 to 1 majority authorizes 
the change in the Institute’s name next month to 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, recognizing in the name a 
growing group of the Institute representing nearly a 
third of the membership 

The year 1955 was also the first year in which 
each of the three Branches balanced their respec- 
tive budgets Although difficult for the Metals 


Branch to do, without curtailing its extensive pub- 
lications program, a balanced budget was accom- 
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Drift of “Things 


AIME Sets Membership Record in 1955 


plished through the support of publications by in- 
dustry. The basic metallurgical information being 
presented does not lend itself to support by advertis- 
ing, and certainly the cost of its publication cannot 
continue to be borne in its entirety by professional 
men, individually, through dues. Industry has, how- 
ever, recognized that it as well as the membership 
stands to profit greatly by the recording of basic 
information that has been obtained at a cost many 
times that of the cost of publishing. 


HE Institute carries out its objectives primarily 

by holding meetings and publishing papers 
There are many other services your professional 
society performs, both tangible and intangible, for 
members and for society as a whole. Some of these 
are little known to the membership and it is pro- 
posed to devote some space in this column during 
the year to keep you informed of these activities 

The Engineers’ Council for Professional Develop- 
ment is responsible for the accrediting of engineer- 
ing curricula at the colleges in this country. The 
ECPD is active on an all-engineering basis in bring- 
ing to the attention of qualified high school students 
the possibilities of engineering as a career and has 
a program of professional development for recent 
engineering graduates. 

The Engineering Societies Library is one fo! 
which the engineering profession, the largest pro- 
fession for men in this country, can be proud. It is 
partially self-supporting. A large part of the bal- 
ance of the cost to AIME is paid by an endowment 
fund for this purpose. 

The Engineers’ Joint Council sponsored the Nu- 
clear Engineering and Science Congress in Cleve- 
land in December. The Engineering Manpower 
Commission, a division of EJC is independently 
financed by industry; however, its policies are es- 
tablished by the EJC Board. EMC has improved the 
effective use of engineers in this country particu- 
larly with regard to the military services and de- 
ferments for civilian needs 

These services, representing joint efforts by the 
five principal Engineering Societies, are partially 
self-supporting. Frequently the AIME portion of the 
balance of the expense is borne by income from en- 
dowment funds for such purposes. Occasionally staff 
members serve on such committees or take time to 
obtain information for these groups. But the great- 
est part of such services is made possible by the ex- 
tensive voluntary work of AIME members serving 
on committees 


A Happy and Prosperous New Year to you all 


Exmest Kirkendall 


| 
|| 


AS PARTNERS 


CREAN LAKES Cag 
80 
CORPORATION 


RESEARCH LABORATORI £S 
MORTON GROVE, ILL 


-isa factor! 


Ou: extensive program in carbon and graphite re- 
search is conducted by highly qualified chemists, physicists 


and technicians. 


The scope of their specialized knowledge is a significant 
plus factor in the reliability that distinguishes GLC electrodes, 


anodes and mold stock. 


ELECTRODE The high degree of integration between discoveries in our 
research laboratories, refinements in processing raw materials 
and improved manufacturing techniques is further assurance 


@ of excellent product performance. 


Viston 


Great Lakes Carbon n Corporation. 


GRAPHITE ELECTRODES ANOTL MOLDS and SPECIALITIES 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. PLANTS: Niagara Falls, N.Y., Morganton, N. C. OTHER OFFICES: Niagara Falls, N.Y., 
Oak Park, Ill., Pittsburgh, Pa. SALES AGENTS: J. B. Hayes Compony, Birmingham, Ala., George O. O'Hara, Wilmington, Cal. SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemical Co., Ltd, Montreal, Canada; Greot Eastern Carbon & Chemical Co., Inc, ChiyodaKu, Tokyo, Japan 
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9's Pound Magnetic Octopus, about 12” 
square, primarily designed for dip tank 
use in hot or corrosive liquids,as shown. 
Utilizing Alnico magnets in 3 small 


stainless steel (18-8) tubes, it retrieves 
tools, tramp iron and tiny iron particles 
from hard-to-reach bottoms of ovens, 
troughs, tanks and other vessels. 


“Octopus” shows use of 
magnetic nickel alloy 
for diverse application 


(2) Reduction of tool size and weight to 
desirable limits. 


THIS MAN HOLDS a deceptively sim- 
ple Eriez tool, well-named a magnetic 
“Octopus.” 

It is completely non-electric. Yet 
its powerful, permanent magnetic 
strength is capable of lifting and 
holding sizable amounts of ferrous 
metal objects or masses 

This potent, permanently depend- 
able magnetic power stems from 
ALNICO .. . an aluminum-nickel- 
cobalt-iron alloy. 

The remarkable permanent mag- 
netic strength of this nickel alloy 
provides two basic advantages: 

(1) Ne need for electromagnets, current 
and accessory equipment. 


These are utilized in tools made 
by Eriez Manufacturing Company, 
Erie, Pa. for hundreds of diverse 
applications. 


The addition of nickel... essential 
in Alnico permanent magnets . 
helps scores of other alloys meet 
particular fabrication and service 
demands. So if you encounter diffi- 
culty with metal for a specific appli- 
cation, let us give you some practical 
help. Write for ... List A of avail- 
able publications. A simple form 
makes it easy for you to outline 
your problem. 


Better Product Assured where Eriez per- 


manent magnetic drums remove stray 
iron from tallow and meat scraps. 


Safeguards Hammer Mill. Eriez non-elec- 
tric magnetic pulley removes tramp iron 
from wood chips on belt feeding the mill 
and explosive mixtures beyond. 


Cleans Powdered Chemicals. EF riez perma- 
nent magnetic grate removes invisible 
iron particles from drugs and the like. 


THE INTERNATIONAL NICKEL COMPANY, INC, 
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American Cyanamid Co. reports that its subsidiary, which designed 
and built the cobalt refinery at Garfield, Utah, has 
successfully completed tests designed to overcome technical 
difficulties encountered shortly after the plant went into 
production late in 1952. The refinery 

to the operating control of its owner, the Calera Mining Co., 
a subsidiary of Howe Sound Co. 


For the fourth year in a row, the U. S. aluminum industry has a 
new production record with 1955 output expected to reach 
1.57 million tons. Anticipating a doubling of the country's 
aluminum consumption by 1965, Kaiser Aluminum & Chemical 
Corp. is undertaking an expansion program which will double 
the firm's present capacity to 650,000 tons by late 1957. 
The major project ath be the construction of a new 220,000 
ton reduction plant at Ravenswood, West Va.; coal is to be 
the power source. During 1956 Alcoa's primary aluminum 
capacity will be increased to 790,000 tons with the comple- 

tion of projects at existing plants. 


The country's largest vacuum melting furnace was tapped early in 
December in Syracuse, N. Y., by Vacuum Metals Corp., a 
subsidiary of Crucible Steel Co. and National Research Corp. 
The new 2200-1b furnace is designed to make it possible to 
charge, melt, pour, and remove ingots without affecting the 

vacuum in the melting chamber. 


The year 1955 will break previous records for the production of 
slab zinc, with the year's total expected to exceed one 
million tons for the first time. Galvanizers account 

for more than 40 pct of consumption. The production of 

galvanized sheet and strip has been spurred on by the new 

continuous hot-dip galvanizing lines which are replacing 

Older equipment. With the capacity of these continuous 

lines being increased from 1.7 to 2.5 million tons of 

coils, zinc consumption by this industry is expected to be 
even greater next year. 


The AEC is asking private industry to offer proposals for 
supplying up to 100,000 lb of reactor-grade beryllium for 
a year for the next Tive years. The Commission has been 
obtaining its beryllium from stocks at the Government 
owned plant at Luckey, Ohio which has not been producing for 
AEC since 1954. Babcock & Wilcox has been awarded a 
contract for the fabrication of 325 reactor fuel assemblies 
for the AEC Materials Testing Reactor in Idaho. Such 

assemblies are to be produced in a new plant being built 

by B&W at Lynchburg, Va. 
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Traditionally, molybdenum has been packaged 
in bags and cans, with weather conditions, storage, 
and equipment problems frequently resulting in 
an awkward handling situation for the steel man- 


ufacturer. 


Now, MCA Is first again in offering a standard 
wooden pallet, with either 100 bags or 64 cans 
steel-strapped securely in place. The full pallet is 
easily and safely moved by lift truck to storage 


CORPORATION OF AMERICA 


Grant Building 


location or direct to the furnace. The pallets are 
expendable, and but a small nominal charge is made 


to customers authorizing this form of shipment. 


We are confident the new “Moly” palletizing 
system will more than justify 


your expectations. 


Send not for the new MCA pamphlet— 
"Molybdenum—Now Palletized” 


Pittsburgh 19, Pa. 


Offices, Pittyburgh, Chicago, Detroit, Los Angeles, New York, Son Froncisco 
Soles Representatives Edgar |. Fink, Detroit, Brumley Donaldson Co, Los Angeles, Son Francisco 


Subsidiary, Cleveland-Tungsten, inc, Cleveland 
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For research...for quality control 
...for raw material inspection — 


New G-E x-ray diffraction unit 
fits any analysis program 


OR fast, accurate qualitative or quantitative analysis 

of solids or liquids, the General Electric XRD-5 
offers a host of new advantages 

New versatility! Basic components allow you to start 


with high-standard minimum equipment add fea 
tures as needs grow. Double duty! Twin-tube operation 
achi ved simply by adding ad second tube and ma con 
trol. New accessories! A full range of new accessories 
enables users to fully exploit the advantage s offered by 
diffraction and emission technics 

The XRD-5 works equally well when analyzing large 
or minute samples. As for speed, one research labora 
tory cut its time on a product identification test from 
two days to five minutes—one half of one percent of the 
time formerly required by conventional chemical analysts 

For complete information on the XRD-5 consult 
your G-E x-ray representative. Or write X-Ray Depart 
ment, General Electric Company, Milwaukee ! Wis 
consin for Pub. AY-14 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 


metal or plastic 
onentation by this 


Wires, fibres, and rolled sheets 
all can be analyzed for preferred 
new XRD accessory the automatic integrating pole 


gomometer. Kesult sllow tast, accurate, direct 


iu 


comparison of samples 


Manufacturers 
of the only 
m pete 

x-ray line 
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ROSPECTIVE registrants for the 1956 Annual 
Meeting can look forward to a technical program 
‘ shaping up as one of the best ever presented. The 
Metals Branch has expanded its program coverage, 
and unless noted, all metals sessions will be held at 
the New Yorker Hotel. The registration fee is $5 to 
members, $10 to nonmembers, and no fee for stu- 
dents. Tickets for the Welcoming Luncheon, 12:15 
pm on Monday; Stage Dinner-Smoker, 8:90 pm on 
Monday; Branch Dinners on Tuesday evening; In- 
formal Dance, 9:00 pm Tuesday; Banquet on Wed- 
nesday evening; and special luncheons that will be 
held Tuesday, Wednesday, and Thursday will be on 
sale at the registration desks 

The members of the Woman's Auxiliary will reg- 
ister in the Foyer to the Ballroom, Hotel Statler. 
Registration fee for members of the auxiliary is $1, 
others $2. Registration for the Metals Branch will 
be at the Hotel New Yorker, starting at 1 pm on 
Sunday, February 19. The desk will be open until 
5 pm. On Monday, and all succeeding days, regis- 
tration will be from 8 am to 5 pm 
Erwin R. Biel, professor of meteorology at Rutgers 


Metals Branch Expands Program 


For 1956 Annual Meeting 


University, will be the speaker at the Metals Branch 
dinner on Tuesday, February 21. Dr. Biel was born 
in Vienna and received his Ph.D. from the Uni- 
versity of Vienna. He has been on the staff at Rut- 
gers since 1938. The title of his talk will be The 
Influence of Weather on You. 

The Education Committee of the IMD will hold a 
two-part session at the Faculty Club, Columbia Uni- 
versity, Sunday, February 19th. The topic of one 
part will be service courses that metallurgy depart- 
ments give, or should be giving for students of other 
departments. There will be a series of short talks 
followed by discussions by Professors J. W. Lude- 
wig, J. P. Nielsen, A. J. Shaler, and J. Wulff. In the 
second part of the session, H. H. Hanink and J. F. 
Young will be speakers. Discussion will follow. 

MIED will have afternoon and evening sessions 
and IMD will join in the evening session at which a 
well known speaker will address the gathering. 
T. A. Read is co-chairman for the evening session. 

Afternoon sessions will begin at 2:30 pm and the 
evening session will start at 7:30 pm, following the 
fellowship hour and buffet supper. 


IRON & STEEL DIV. 


MONDAY, FEBRUARY 20 


10:00 am, Club Lounge 


Metals Branch Council Meeting 
J. H. Scaft, Chairman 
9:30 am, North Ballroom 
Sintering 
J. F. Elliott, Chairman 


Reducibility of lron Ores—A Contribution to Lab- 
oratory Studies on Reducibility of Iron Ores: 
G. Odone and G. Milanese, Cornigliano Co. of 
Italy, Genoa, Italy 

Macro and Micro Studies of Basic Changes Occur- 
ring During Sintering: R. D. Burlingame and 
T. L. Joseph, University of Minnesota, Minneap- 
olis, Minn 

Effect of Sinter Mix Composition and Additions on 
the Quality of Blast Furnace Sinter: E. C. 
Rudolphy, C. W. Boquist, and D. J. Carney, U.S 
Steel Corp., South Works, Chicago, Il 


2:30 pm, North Ballroom 


Symposium on the Physical Chemistry of Slags, Mattes 
and Fused Salts 


(Joint Session With Extractive Metallurgy Div. 


Arranged by Physical Chemistry of Steelmaking and 
ote Chemistry of Extractive Metallurgy 
Committees. | 
R. C. Buehl and Gerhard Derge, Associate Chairmen 


P 
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The Structure of Slags, Mattes, and Fused Salts 
R. Schuhmann, Jr., Purdue University, Lafayette, 
Ind. 

Mechanism of Electrical Conduction in Molten Cup- 
rous Sulphide-Cuprous Chloride and Mattes: L. 
Yang, G. M. Pound, and Gerhard Derge, Carnegie 
Institute of Technology, Pittsburgh, Pa. 

Diffusion of Calcium and Silicon in a Lime-Alumina- 
Silica Slag: Helen Towers and John Chipman, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 

Electrochemistry of Molten Slags: G. M. Pound and 
Ear! Roland, Carnegie Institute of Technology, 
Pittsburgh, Pa. 


TUESDAY, FEBRUARY 21 


9:00 am, Grand Ballroom 


Oxygen Steelmaking 
G. H. Enzian and C. R. Taylor, Associate Chairmen 


Effect of Oxygen Input Rate in the Decarburization 
of Chromium Steel: G. W. Healy and D. C. Hilty, 
Electro Metallurgical Co., Niagara Falls, N. Y. 

Use of an Oxygen Lance Through the Open Hearth 
Roof: A. J. Kesterton, Steel Co. of Wales, Ltd., 
Port Talbot, Wales 


10:45 am, Grand Ballroom 


ISD Annual Business Meeting 
A. W. Thornton, Chairman, Presiding 


} 
. 


11:00 am, Grond Ballroom 
Howe Memorial Lecture 
C. E. Reistie, Jr. and John Chipman, Associate Chairmen 
Lecture by the late H. J. French, vice president, 
International Nickel Co. To be presented by J. W 


Sands, metallurgist, development & research div., 
International Nickel Co., New York. 


12:15 pm 


Luncheon Meeting, Physical Chemistry of Steelmaking 
F. W. Boulger, Chairman 


2:00 pm, Grand Ballroom 
Mechanical Working 
R. D. Hindson and E. L. Robinson, Associate Chairmen 


Review of Questionnaires on Drafting Practices Used 
on Primary Rolling Mills: W. E. Dittrich, Inland 
Steel Co., E. Chicago, Ind. 

Influence of Mill Loads on Hot Strip Mill Perform- 
ance: George Sibakin and J. S. Ride, The Steel 
Co. of Canada, Ltd., Hamilton, Ont., Canada 

Effect of Hot Strip Mill Temperatures on the Prop- 
erties of Flat Rolled Products: D. T. Goettge and 
E. L. Robinson, U. S. Steel Corp., Pittsburgh, Pa. 


6:00 pm, Grand Ballroom 
Metals Branch Cocktail Party 


6:30 pm, Grand Ballroom 
Metals Branch Annual Dinner 
J. H. Scaft, Chairman, Metals Branch Council, Toastmaster 
Presentation of Awards 
Speaker: Prof. Erwin R. Biel, Professor of Meteor- 
ology, Rutgers University: The Influence of 


Weather on You 


WEDNESDAY, FEBRUARY 22 


7:30 am 


ISD Executive Committee Breakfast Meeting 
A. W. Thornton, Chairman 


9:00 am, Grand Ballroom 
Hydrogen Embrittlement 
(Joint Session With Institute of Metals Div.) 


Hydrogen Embrittlement of a Commercial Alpha- 
Beta Titanium Alloy: E. J. Ripling, Case Institute 
of Technology, Cleveland, Ohio 

The Effect of Testing Variables on the Hydrogen 
Embrittlement of Titanium and a Ti-8Mn Alloy 
R. L. Jaffee, G. A. Lenning, and C. M. Craighead 
(deceased), Battelle Memorial Institute, Colum- 
bus, Ohio 

Hydrogen Embrittlement of Beta-Stabilized Tita- 
nium Alloys: C. M. Craighead (deceased), G. A. 
Lenning, and R. I. Jaffee, Battelle Meruorial Insti- 
tute, Columbus, Ohio 

Hydrogen Embrittlement of Vanadium by Catalytic 

Decomposition of Water with Manganese: B. W 


Roberts, G. W. Sears, and P. D. Zemany, General 
Electric Co., Schenectady, N. Y 


9:00 am, Pennsylvania Room, Hotel Statler 


Physical Chemistry 
J. E. Stukel and S. Ramachandran, Associate Chairmen 


Equilibria in CO + O (in Liquid Fe) co, + H, 
+ O (in Liquid Fe) H,O and Solubility of 
Oxygen in Liquid Iron: N. A. Gokcen, Michigan 
College of Mining and Technology, Houghton, 
Mich. 

An Efficient Method of Desulphurizing Liquid Pig 
Iron: B. Trentini, L. Wahl, and M. Allard, IRSID, 
France 

Reduction of Phosphorus in India Pig Iron With 
Enriched Air Blow: G. P. Chatterjee, Bengal Engi- 
neering College, Howrah, West Bengal, India 


2:00 pm, Grand Ballroom 
Hydrogen in Steel 


(Joint Session With Institute of Metals Div.) 
D. L. McBride and R. R. Kennedy, Associate Chairmen 


Effects of Hydrogen on Mechanical Properties of 
High Strength Steel: E. P. Klier, Syracuse Uni- 
versity, Syracuse, N. Y 

Hydrogen in Liquid Steel and Steelmaking: Henry 
Epstein, Bethlehem Steel Co., Bethlehem, Pa. and 
J. H. Walsh, Dominion Engineering Works, La- 
chine, Quebec, Canada 

Crack Propagation in Hydrogen Induced Brittle 
Fracture of Steel: A. R. Troiano and W. J. Barnett, 
Case Institute of Technology, Cleveland, Ohio 


THURSDAY, FEBRUARY 23 


9:00 am, North Ballroom 


Basic Bessemer 
A. B. Wilder and G. M. Yocum, Associate Chairmen 


One Hundred Years of Bessemer Steelmaking and 
the Pneumatic Process: A. B. Wilder, National 
Tube div., U. S. Steei Corp., Pittsburgh, Pa. 

New Instruments for Control of the Bessemer Blow- 
ing: P. Leroy, IRSID, France 

Steam-Oxygen Steelmaking: Pierre Coheur, Uni- 
versity of Liege, Liege, Belgium 


12:15 pm 
Bessemer Centennial Luncheon 


2:00 pm, Georgian Room, Hotel Statler 
Physical Chemistry 
W. O. Philbrook and R. E. Grace, Associate Chairmen 


Slag Metal Equilibria Under Lime-Silica-lron Oxide 
Slags: H. L. Bishop, N. J. Grant, and John Chip- 
man, Massachusetts Institute of Technology, Cam- 
bridge, Mass 

The Rate and Mechanism of Sulphur Transfer Be- 
tween Carbon-Saturated Iron and Slags: S. Rama- 
chandran, T. B. King, and N. J. Grant, Massachu- 
setts Institute of Technology, Cambridge, Mass 

Vapor Pressure of Liquid Copper and Activities of 
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lron-Copper Alloys: J. P. Morris and G. R. Zellars, 
Bureau of Mines, Pittsburgh, Pa 

Paper by Sachio Matoba, Tohuku, Sendai, Japan 
The System MnO-SiO,: J. W. Burlingame, U. S 
Army Ordnance, Frankfort Arsenal, Philadelphia, 
Pa., and N. A. Gokcen, Michigan College of Min- 
ing and Technology, Houghton, Mich 


EXTRACTIVE METALLURGY Div. 


MONDAY, FEBRUARY 20 


10:00 am, Club Lounge 


Metals Branch Council Meeting 
Seatt, Chairman 


Refractories 
9.30 am, Mosaic Room 
J. D. Sullivan and J. C. Hicks, Associate Chairmen 


Basic Refractories in Copper Furnaces: A. E. Fitz- 
gerald, General Refractories Co., Philadelphia, Pa. 

Suspended Basic Roof on a Cold Charged Copper 
Anode Furnace: Guy Bridgstock, Canadian Copper 
Refiners, Ltd., Montreal, Quebec, Canada 

Refractory Problems in Aluminum Melting: J. E 
Dore and W. S. Peterson, Kaiser Aluminum & 
Chemical Co., Spokane, Wash 

Refractories for Aluminum Melting Furnaces: W. H 
Stewart, U.S. Reduction Co., East Chicago, Ind 

Industrial Survey on Refractories for Lead Opera- 
tions: A. P. Thompson, Eagle-Picher Co., Joplin, 
Mo 


2:30 pm, Mosaic Room 
Zinc Smelting 


Symposium—Fluid Bed Roasting of Zinc Concentrates 
J. G. Wehn and F. M. Stephens, Jr, Associate Chairmen 


Panel Members: 

Richard Donahoe, Aluminum Co. of Canada, Arvida, 
Que., Canada 

B. F. Buff, National Zinc Co., 

Robert Redelff, St. Joseph Lead Co., 
Pa 


W. M. Peirce, New Jersey Zinc Co., 


Bartlesville, Okla. 
Josephtown, 


New York, N. Y 
2:00 pm, North Ballroom 
Symposium on the Physical Chemistry of Slags, 
Mattes and Fused Salts 


Uoint Session With Iron und Steel Div. arranged 
by Physical Chemistry of Extractive Metallurgy and 
Physical Chemistry of Steelmaking Committees) 


R. C. Buehl and Gerhard Derge, Associate Chairmen 


The Structure of Slags, Mattes, and Fused Salts 
RK. Schuhmann, Jr., Purdue University, Lafayette, 
Ind 

Mechanism of Electrical Conduction in Molten 
Cuprous Sulphide-Cuprous Chloride and Mattes 
L. Yang, G. M. Pound and Gerhard Derge, Car- 
negie Institute of Technology, Pittsburgh, Pa 

Diffusion of Calcium and Silicon in a Lime-Alumina- 
Silica Slag: Helen Towers and John Chipman, 
Massachusetts Institute of Technology, Cambridge, 
Mass 

Electrochemistry of Molten Slags: G. M. Pound 
and Ear! Roland, Carnegie Institute of Technology, 
Pittsburgh, Pa 


> 
‘ 
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TUESDAY, FEBRUARY 21 


7:30 am, Club Lounge 


Executive Committee Breakfast Meeting 
A. W. Schlechten, Chairman 
9:00 am, Mosaic Room 


Symposium on the Physical Chemistry of Roasting 
A. W. Schlechten and H. E. Lee, Associate Chairmen 
Equilibrium Considerations in the Roasting of Me- 
tallic Sulphides: H. H. Kellogg, Columbia Univer- 

sity, New York, N. Y. 

Determination of the Mechanism of Roasting by 
Kinetic Measurements: M. E. Wadsworth, Univer- 
sity of Utah, Salt Lake City, Utah 

A Micrographic Study of Sulphide Roasting: P. G. 
Thornhill, Falconbridge Nickel Co., Falconbridge, 
Ont., Canada, and L. M. Pidgeon, University of 
Toronto, Toronto, Ont., Canada 

A Study of the Oxide and Sulphate Layers Formed 
on Roasting Metallic Sulphides: C. L. McCabe and 
Joseph Morgan, Carnegie Institute of Technology, 
Pittsburgh, Pa. 

Fluidized Roasting of Pyrites: R. B. Thompson and 
B. H. McLeod, Dorr-Oliver, Inc., Stamford, Conn 


9:00 am, Dallas Room, Hotel Statler 
Lead, Zinc and Cadmium 
L. P. Davidson and J. A. Marvin, Associate Chairmen 


Cooling and Conditioning Fume Laden Gases at 
Cominco: R. Bainbridge, Consolidated Mining & 
Smelting Co., Trail, B. C., Canada 

Horizontal Retort Charging Machines: J. W. Burgess, 
American Zine Co. of Illinois, Dumas, Texas 

Vacuum Distilling Parkes Crusts at Noyelles- 
Godault: J. Iché, Société Miniére et Metallurgique 
de Penarroya, Paris, France 

An Early Commercial Application of Sulphate Roast- 
ing: D. E. Warnes and R. E. Lund, St. Joseph Lead 
Co., Josephtown, Pa 


2:00 pm, Mosaic Room 
Physical Chemistry of Fused Salt Systems 
A. S. Russell and P. Herasymenko, Associate Chairmen 


Interpretation of the Mechanism of the Hall Process: 
J. J. Stokes, Jr.,. Aluminum Research Laboratories, 
New Kensington, Pa 

Physical Chemistry of Electro-Chemical Processes in 
Molten Salts: E. R. Van Artsdalen, Oak Ridge 
National Laboratory, Oak Ridge, Tenn 

Physical Chemical Properties of the Fused Salt Sys- 
tems NaCl-ZrCl, KCl-ZrCl and NaCl-KCl-ZrCl 
L. J. Howell, R. Sommer, and H. H. Kellogg, 
Columbia University, New York, N. Y. 

Formation of Complexes in Mixtures of Fused Salts 
T. Forland, Pennsylvania State University, Uni- 
versity Park, Pa 

The Electrical Conductivity of Fused Sodium 
Chloride-Calcium Chloride Mixtures: J. S. Stroy 
and J. T. Clarke, Ethyl Corp., Baton Rouge, La 

2:00 pm, Dallas Room, Hotel Statler 

Lead Smelting 
H. L. Johnson and R. R. McNaughton, Associate Chairmen 

St. Joe New Lead Sinter Plant: J. W. Sherman, St 
Joseph Lead Co., Herculaneum, Mo 

Modernization of Bunker Hill Pre-Sintering Prac- 
tices: H. E. Lee and D. Ingvoldstadt, Bunker Hill 
Smelter, Kellogg, Idaho 


‘ 


S. Wallden and Mr 
Stockholm, 


Sinter Practice at Bolidens 
Lindvall, Bolidens Gruvaktiebolag, 
Sweden 

Debismuthizing Lead with Magnesium and Potas- 
sium at Noyelles-Godault: J. Iché, Société Miniére 
et Metallurgique de Penarroya, Paris, France 

Debismuthizing of Lead: T. R. A. Davey, Nord- 
deutsche Affinerie, Hamburg, Germany (formerly 
of Broken Hill Associated Smelters Proprietary 
Ltd., Port Pirie, Australia) 


6:00 pm, Grand Ballroom 
Metals Branch Cocktail Party 
6:30 pm, Grand Ballroom 


Metals Branch Annual Dinner 
J. H. Scaft, Chairman, Metals Branch Council Toastmaster 
Presentation of Awards 
Speaker: Prof. Erwin R. Biel, Professor of Meteor- 
ology, Rutgers University The Influence of 
Weather on You 


9:00 pm, Hotel Statler 
Informal Dance 


WEDNESDAY, FEBRUARY 22 


7:30 am 
Committee Chairmen Breakfast Meeting 
J.C. Kinnear, Chairman 
9:00 am, Mosaic Room 
Pyrometallurgy 
Harold Foard and J. H. Schloen, Associate Chairmen 

Complex Metallurgy by Cerro de Pasco: I. L. Barker, 
Cerro de Pasco Corp., La Oroya, Peru. 

Increasing the Capacity of a Small Copper Smelter: 
E. J. Caldwell, Magma Copper Co., Superior, Ariz. 

Notes on Copper Losses in Oroya Reverberatory 
Furnaces: I. L. Barker, J. S. Jacobs, and B. Wadia, 
Cerro de Pasco Corp., La Oroya, Peru 

Magnetite in*the Hurley Smelter: H. W. Mossman, 
Chino Mines Div., Kennecott Copper Corp,. 
Hurley, N. M. 

Copper Converter Practice: F. E. Lathe, Consultant, 
Ottawa, Ont., Canada, and Lisle Hodnett, Cana- 
dian Refractories, Ltd., Montreal, Que., Canada 

9:00 am, Terrace Room 
Symposium on Titanium—Panel Type Discussion 

Julian Glaser and W. R. Opie, Associate Chairmen 

Status of Titanium Metal Production and Processes: 
P. J. Maddex, Titanium Metals Corp., Henderson, 
Nev. 

Smelting of Titaniferous Ores: G. G. Hatch, Quebec 
Iron & Titanium Corp., Sorel, Que., Canada 

Melting of Titanium Metals: R. J. Krieger, Titanium 
Metals Corp. of America, Henderson, Nev. 

New Potential Processes for Making Titanium: M. A 
Steinberg, Horizons, Inc., Cleveland, Ohio 

12:15 pm, Mosaic Room 


Annual EMD Stag Luncheon and Business Meeting 
A. W. Schlechten, Divisional Chairman, presiding 
Speaker: Dean Curtis L. Wilson, Missouri School of 

Mines, Rolla, Mo.: The Road to Survival 


2:00 pm, Mosaic Room 


Copper Converting and Refining 
J. N. Anderson and J. H. Schioen, Associate Chairmen 


Noranda Converter Practice: J. N. Anderson, Nor- 
anda Mines, Ltd., Noranda, Que., Canada 


The Great Falls Billet Plant: R. H. Miller, Anaconda 
Mining Co., Great Falls, Mont 

The Mufulira Electrolytic Copper Refinery: R. H 
Bauld, Mufulira Copper Mines, Ltd., London, Eng- 
land, G. E. Rowe, G, N. Healey, P. C. Lockyer, and 
A. A. Haynes, Mufulira Copper Mines, Ltd., Muf- 
ulira, Northern Rhodesia 

Slimes Treatment Process at the Kennecott Garfield 
Refinery: K. H. Koropp and E. J. Clugston, Kenne- 
cott Copper Corp., Garfield, Utah ' 

Recent Developments in Electrolytic Copper Refin- 
ing at Canadian Copper Refiners Ltd.: S. S. Forbes, 
Canadian Copper Refiners, Ltd., Montreal, Que., 
Canada 


2:00 pm, Terrace Room 
Extractive Metallurgy of Uranium 
John Breitenstein and E. C. Van Blarcom, Associate Chairmen 


Review of Metallurgical Treatment of Uranium Ores 
W. L. Lenneman, Atomic Energy Commission, 
Grand Junction, Colo 

Principles and New Developments in Uranium 
Leaching: A. M. Gaudin, Massachusetts Institute 
of Technology, Cambridge, Mass 

Revision of Monticello Carbonate Leach Plant: R. L 
Philippone, Atomic Energy Commission, Grand 
Junction, Colo. and H. A. Johnson, Galigher Co., 
Monticello, Utah 

The Development of a Resin-in-Pulp Process for 
Recovery of Uranium from Acid Leach Pulps 
R. F. Hollis, Utah Reduction Co., Moab, Utah, and 
C. R. McArthur, National Lead Co., Grand Junc- 
tion, Colo. 

Development of the Extraction Process for Uranium 
from South Africa Gold-Uranium Ores: A. M., 
Gaudin, Massachusetts Institute of Technology, 
Cambridge, Mass., R. Schuhmann, Jr., Purdue 
University, Lafayette, Ind., and John Dasher, 
Crucible Steel Co. of America, Pittsburgh, Pa. 


THURSDAY, FEBRUARY 23 


9:00 am, Penn Top South, Hotel Statler 


Preparation of Refractory Metals by 
Fused Salt Electrolysis 


H. H. Kellogg and Eugene Wainer, Associate Chairmen 


Recovery of High Purity Titanium from Scrap and 
Off-Grade Sponge: D. H. Baker, Jr. and D. R 
Nettle, U. S. Bureau of Mines, Boulder City, Nev 

Electrolytic Preparation of Titanium Metal: M. E 
Sibert and M. A. Steinberg, Horizons, Inc., Cleve- 
land, Ohio 

Preparation of Uranium Metal by Fused Salt Elec- 
trolysis: G. Meister and W. C. Lilliendahl, West- 
inghouse Electric Corp., Bloomfield, N. J 

Electrolytic Extraction of Thorium Metal: J. Blei- 
weiss, B. C. Raynes, M. E. Sibert, and M. A. Stein- 
berg, Horizons, Inc., Cleveland, Ohio 


9:00 am, Penn Top North, Hotel Statler 
New Methods in Hydrometallurgy 
H. G. Poole and E. B. Mancke, Associate Chairmen 


Hydrometallurgy in a Future Domestic Manganese 
Industry: E. S. Nossen, Nossen Laboratories, Pat- 
erson, N. J 
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Cuyuna Range Manganese Ore Treatment: Charles 
Prasky, U. S. Bureau of Mines, Minneapolis, Minn 

Design Considerations of Multi-Stage lon Exchange 
Units for Metal Recovery: R. S. Long and R. S 
Olson, Dow Chemical Co., Pittsburg, Calif 

lon Exchange in Extractive Metallurgy—Especially 

John Dasher, Crucible Steel Co. of 
America, Pittsburgh, Pa., A. M. Gaudin, Massa- 
chusetts Institute of Technology, Cambridge, 
Mass., and R. D. Macdonald, Battelle Memorial 
Institute, Columbus, Ohio 

The Impact of New Flocculants on Hydrometallur- 

R. S. Olson, Dow Chemical Co., 


for Uranium 


gical Process 
Pittsburg, Calif 


2:00 pm, Keystone Room, Hotel Statler 
Symposium on the Physical Chemistry of 


Hydrometallurgy 
Nathaniel Arbiter and H. H. Kellogg, Associate Chairmen 

Some Aspects of the Physical Chemistry of Hydro- 
metallurgy: J. Halpern, University of British 
Columbia, Vancouver, B. C., Canada 

A Kinetic Study of the Dissolution of Molybdenite 
W. H. Dresher, M. E. Wadsworth, and W. M. Fas- 
sell, Jr., University of Utah, Salt Lake City, Utah 

Oxidation of Sulphide Minerals by Aqueous Chlorine 
Solutions: J. D. H. Stickland and M. Sherman, 
British Columbia Research Council, Vancouver, 
B.C 

The Catalytic Reduction of Cobalt by Ammoniacal 
Cobalt Sulphate Solutions: T. M. Kaneko and M 
E. Wadsworth, University of Utah, Salt Lake City, 
Utah 

Reduction of Nickel by Hydrogen from Ammoniacal 
Nickel Sulphate Solution: V. N. Mackiw, W. C 
Lin, and W. Kunda, Sherritt Gordon Mines, Ltd., 
Ft. Saskatchewan, Alberta, Canada 


INSTITUTE OF METALS DIV. 


MONDAY, FEBRUARY 20 


10:00 am, Club Lounge 
Metals Branch Council Meeting 
Seaff, Chairman 


9:45 am, Terrace Room 


Research in Progress 
Paul Gordon, Chairman 


Papers will be given from various research labo- 
ratories representing work in progress not yet avail- 
able as formal technical papers 


9:45 am, Grand Ballroom 
Seminar on Theory of Alloys and Alloy Constitution 
L. S. Darken, Chairman 


The Influence of Holes and Electrons on the Solu- 
bility of Lithium in Boron-Doped Silicon: Howard 
Reiss and C. S. Fuller, Bell Telephone Labora- 
tories, Inc., Murray Hill, N. J 

Intermediate Phases in Binary Systems of Certain 
Transition Elements: Peter Greenfield and P. A 
Beck, University of Illinois, Urbana, II 

The Martensitic Transformation in the lron-Nickel 
System: Larry Kaufman and Morris Cohen, Mas- 
sachusetts Institute of Technology, Cambridge, 
Mass 

Order-Disorder and Cold-Work Phenomena in Au- 

Pd Alloys: F. E. Jaumot and A. Sawatzky, Frank- 

lin Institute, Philadelphia, Pa 
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2:30 pm, Grand Ballroom 
Symposium on Nuclear Metallurgy 
Benjamin Lustman and H. A. Saller, Associate Chairmen 

General Problems in the Application of Materials in 
Reactor Environments: R. C. Dalzell, Atomic En- 
ergy Commission, Washington, D. C. 

The Behavior of Materials in Aggressive Liquid 
Metals: D. H. Gurinsky, Brookhaven National 
Lab., Upton, N. Y 

Behavior of Materials in Nonaggressive Liquid Met- 
als: R. F. Koening and E. G. Brush, General Elec- 
tric Co., Schenectady, N. Y 

The Application of Materials in Low Temperature 
Water and Organic Liquid Cooled Reactor: J. E 
Draley and S. Greenberg, Argonne National Lab- 
oratory, Lemont, III. 

Structural Materials for Use in the Pressurized 
Water Reactor: D. W. Wroughton and N. J. De- 
Paul, Westinghouse Electric Corp., E. Pittsburgh, 
Pa 

Corrosion of Materials in Fused Salt Environment 
G. P. Smith, Oak Ridge National Laboratory, Oak 
Ridge, Tenn 

2:30 pm, Terrace Room 

Research Summaries—Phase Transformations 
5. A. Kulin and William Rostoker, Associate Chairmen 

The Growth of Graphite in Cast Iron: C. E. Birch- 
enall, Princeton University, Princeton, N. J. and 
H. W. Mead, Imperial Chemical Industries, Ltd., 
Northants, England 

Influence of Boron on the Rate of Transformation of 
High Purity Iron: M. E. Nicholson, Institute for 
the Study of Metals, University of Chicago, Chi- 
cago, Ill 

Further Work on the Boron-Hardenability Mecha- 
nism: C. R. Simcoe, A. R. Elsea, and G. K. Man- 
ning, Battelle Memorial Institute, Columbus, Ohio 

Hardenability Factors for Hypereutectoid Low Alloy 
Steels: E. J. Whittenberger, R. R. Burt, and D. J 
Carney, U. S. Steel Corp., Chicago, Il 

Characteristics of the Bainite Transformation in a 
Ni-Cr Steel; L. S. Birks, Naval Research Labora- 
tory, Washington, D. C 

On the Nature of Embrittlement Occurring While 
Tempering a Nickel-Chromium Alloy Steel: G 
Bhat, Crucible Steel Co. of America, Pittsburgh, 
Pa., and J. F. Libsch. Lehigh University, Beth- 
lehem, Pa 

Observations on 17-7 Precipitation Hardening Stain- 
less Steel: N. A. Tiner and B. L. Molander, North 
American Aviation, Inc., Downey, Calif 

An Evaluation of the Structural Stability of Ti-Mo-V 
Alloys: W. F. Carew, Armour Research Founda- 
tion, Chicago, Il., and F. A. Crossley and H. D 
Hessler, Titanium Metals Corp. of America, Hend- 
erson, Nev 

Phase Transformations in Titanium-Rich Alloys of 
Nickel and Titanium: D. H. Polonis, University of 
British Columbia, Vancouver B. C., and J. G. Parr, 
University of Alberta, Edmonton, Alberta, Canada 


TUESDAY, FEBRUARY 21 


7:30 am 
IMD Titanium Committee Breakfast Meeting 
J. H. Jackson, Chairman 
9-00 am, North Ballroom 
Research Summaries—Diffusion and Internal Friction 
Louis Castleman and Eugene Machlin, Associate Chairmen 
Self-Diffusion in Magnesium Single Crystals: P. G 
Shewmon, Westinghouse Electric Corp., E. Pitts- 
burgh, Pa 


Solute Diffusion in Nickel Base Substitutional Solid 
Solutions: R. A. Swalin, General Electric Co., 
Schenectady, N. Y., and Alan Martin, University 
of Minnesota, Minneapolis, Minn 

‘he Self-Diffusion of Iron in Austenite: H. W. Mead, 
Imperial Chemical Industries, Ltd., Northants, 
England, and C. E. Birchenall, Princeton Univer- 
sity, Princeton, N. J. 

Internal Friction and Grain Boundary Viscosity of 
Copper and of Binary Copper Solid Solutions: L 
Rotherham and S. Pearson, United Kingdom 
Atomic Energy Authority 

Internal Friction and Grain Boundary Viscosity of 
Silver and of Binary Silver Solid Solutions: S 
Pearson and L. Rotherham, United Kingdom 
Atomic Energy Authority, Warrington, England 

Internal Friction Studies on Silver and Certain 
Silver-Base Solid Solutions: S. C. Holder, Jr., 
E. E. Stansbury, University of Tennessee, Knox- 
ville, Tenn. and J. H. Frye, Jr., Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tenn 

Mechanism of Electrical Conduction in Molten 
Cuprous Sulfide-Cuprous Chloride and Mattes 
L. Yang, G. M. Pound, and Gerhard Derge, Car- 
negie Institute of Technology, Pittsburgh 

Influence of Order-Disorder Transformation on 
Creep of Beta Brass: M. Herman and Norman 
Brown, University of Pennsylvania, Philadelphia, 


Pa 


9:00 am, Terrace Room 


Symposium on Semiconductors 


Technology of Semiconductors: G. C. Dacey, Bell 
Telephone Laboratories, Murray Hill, N. J 

Physics of Semiconductors: Arnold Moore, 
Laboratories, Princeton, N. J 

Dislocations in Semiconductors: W. T. Read, Bell 
Telephone Laboratories, Murray Hill, N. J 


RCA 


12:15 pm 


IMD Executive Committee Luncheon Meeting 
J. Smart, Jr., Chairman 


2:00 pm, Terrace Room 
Symposium on Semiconductors 
The Effects of Pressure on the Bulk Electrical Prop- 


D. Long and P. H 
Phila- 


erties of Semiconductors: G 
Miller, Jr., University of Pennsylvania, 
delphia, Pa. 

Effects of Crystal Growth Variables on Electrical 
and Structural Properties of Germanium: F. D 
Rosi, RCA Laboratories, Princeton, N. J 

Diffusion Measurements in Liquid Semiconductor 
Alloys by Temperature-Gradient Zone-Melting 
J. H. Wernick, Bell Telephone Laboratories, Mur- 
ray Hill, N. J 

Self-Diffusion in Heavily-Doped Germanium: M 
Valenta and C. Ramasastry, University of Illinois, 
physics dept., Urbana, Il 

New Purification Technique for Silicon: H. C 
Theuerer, Bell Telephone Laboratories, Murray 
Hill, N. J 

Optical Orientation Measurements in Diamond Type 
Crystals: G. A. Wolff and J. M. Wilbur, Signal 
Corps Engineering Laboratories, Ft. Monmouth, 
N. J 

Birefringence in Silicon: W. C. Dash, General Elec- 
tric Co., Schenectady, N. Y 


Arthur 
Schenectady, N. Y 


Precipitation of Copper in Germanium 


Tweet, General Electric Co., 
2:00 pm, North Ballroom 


Research Seminar—Flow and Fracture at 
Various Temperatures 
R. M. Brick and M. Gensomer, Associate Chairmen 


Mechanism of Intercrystalline Fracture: H. C. Chang 
and N. J. Grant, Massachusetts Institute of Tech- 
nology, Cambridge, Mass 

Grain Boundary Displacement Versus Grain Defor- 
mation as the Rate Determining Factor in Creep 
J. A. Martin, U. S. Navy, N. Herman, Franklin 
Institute, Philadelphia, Pa. and Norman Brown, 
University of Pennsylvania, Philadelphia, Pa 

Activation Energy for High Temperature Creep of 
High Purity Aluminum: H. L. Lieh Huang, Car- 
negie Institute of Technology, Pittsburgh, Pa. and 
O. D. Sherby and J. E. Dorn, University of Cali- 
fornia, Berkeley, Calif 

Tensile Deformation of Aluminum as a Function of 
Temperature, Strain Rate, and Grain Size: R. P 
Carreker, Jr. and W. R. Hibbard, Jr., General 
Electric Co., Schenectady, N. Y 

Fracture of Magnesium Alloys at Low Temperature 
F. E. Hauser, P. R. Landon, and J. E. Dorn, Uni 
versity of California, Berkeley, Calif 

A Correlation of the Tensile Properties of Pure 
Magnesium and Four Commercial Alloys With 
Their Mode of Fracturing: M. W. Toaz and E. J 
Ripling, Case Institute of Technology, Cleveland, 
Ohio 


6:00 pm, Grand Ballroom 
Metals Branch Cocktail Party 
6:30 pm, Grand Ballroom 
Metals Branch Annual Dinner 
J. H. Scatf, Chairman, Metals Branch Council, Toastmaster 


Presentation of Awards 

Speaker: Prof. Erwin R. Biel, Professor of Meteor- 
ology, Rutgers University: The Influence of 
Weather on You. 


WEDNESDAY, FEBRUARY 22 


9:00, Grand Ballroom 


Hydrogen Embrittlement 
(Joint Session With Iron and Steel Div.) 


Hydrogen Embrittlement of a Commercial Alpha- 
Beta Titanium Alloy: E. J. Ripling, Case Institute 
of Technology, Cleveland, Ohio 

The Effect of Testing Variables on the Hydrogen 
Embrittlement of Titanium and a Ti-8 Mn Alloy 
R. I. Jaffee, G. A. Lenning, and C. M. Craighead 
(deceased), Battelle Memorial Institute, Colum- 
bus, Ohio 

Hydrogen Embrittlement of Beta-Stabilized Tita- 
nium Alloys: C. M. Craighead (deceased), G. A 
Lenning, and R. I. Jaffee, Battelle Memorial Insti- 
tute, Columbus, Ohio 

Hydrogen Embrittlement of Vanadium by Catalytic 
Decomposition of Water with Manganese: B. W 
Roberts, G. W. Sears, and P. D. Zemany, General 
Electric Co., Schenectady, N. Y 


10:45 am, Grand Ballroom 


IMD Annual Business Meeting 
J. S. Smart, Jr., Chairman 
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11:00 am, Grand Ballroom 
Annual Lecture IMD 
H. DeWitt Smith and J. S. Smart, Jr, Associate Chairmen 
The Pre-Precipitation Phenomena in Supersaturated 
Alloys by Andre Guinier, Conservatoire des Arts 
et Metiers, Paris, France 
2:00 pm, Grand Ballroom 
Hydrogen in Steel 
(Joint Session With Iron and Steel Div.) 
D. L. McBride and R. R. Kennedy, Associate Chairmen 
Effects of Hydrogen on Mechanical Properties of 
High Strength Steel: E. P. Klier, Syracuse Uni- 
versity, Syracuse, N. Y 
Hydrogen in Liquid Steel and Steelmaking Slags 
Henry Epstein, Bethlehem Steel Co., Bethlehem, 
Pa., and J. H. Walsh, Dominion Engineering 
Works, Lachine, Quebec, Canada 
Crack Propagation in Hydrogen Induced Brittle 
Fracture of Steel: A. R. Troiano and W. J. Bar- 
nett, Case Institute of Technology, Cleveland, Ohio 


2:00 pm, North Ballroom 
Research Summaries—Deformation and 
Recrystallization 
R. L. Fullman and E. E. Underwood, Associate Chairmen 

The Tensile Characteristics of Particle-Strengthened 
Alloys of Zirconium With Iron: J. H. Keeler, Gen- 
eral Electric Co., Schenectady, N. Y 

Some Transient Effects During Creep and Tensile 
Tests of the Aluminum Alloy: H. A. Lequear and 
J. D. Lubahn, General Electric Co., Schenectady, 
N.Y 

Dislocations in Plastically Bent Germanium Crys- 
tals: F. L. Vogel, Jr., Bell Telephone Laboratories, 
Murray Hill, N. J 

Note on Twinning in Indium Antimonide: Peter 
Haasen, Institute for the Study of Metals, Uni- 
versity of Chicago, Chicago, Ill 

Deformation and Recrystallization of Silicon Iron 
G. W. Wiener and Robert Corcoran, Westinghouse 
Electric Corp., E. Pittsburgh, Pa 

Effect of the Annealing Temperature on the Forma- 
tion of the Cube Texture: Alfonso Merlini, Maison 
du Megique 55, Paris, France 

The Structural Changes in Molybdenum Single 
Crystals Due to Cold Rolling: N. Ujiiye, Johns 
Hopkins University, Baltimore, Md. and R 
Maddin, University of Pennsylvania, Philadel- 
phia, Pa 

Preferred Orientations and Magnetic Properties of 
Rolled and Annealed Permanent Magnet Alloys 
W. R. Hibbard, Jr., General Electric Co., Sche- 
nectady, N. Y 

Further Studies of the Properties of Rhenium Metals 
Cc. E. Sims and R. I. Jaffee, Battelle Memorial 
Institute, Columbus, Ohio 

The Brittle Fracture of a Titanium Carbide-Incone! 
Cermet: J. R. Low, Jr., General Electric Co., 
Schenectady, N. Y 


THURSDAY, FEBRUARY 23 


9:00 am, Terrace Room 
Research Summaries on Powder Metallurgy 
C. G. Goetzel, Chairman 
Powder Metallurgy for Research Into Ferro Mag- 
netic Materials: C. E. Richards, E. V. Walker, and 
A. C. Lynch, Post Office Engineering Research 
Station, London, England 
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Particularities of the Anodic Treatment of Sintered 
Aluminum Semi-Finished Products: J. Herenguel, 
P. Lelong, and M. LeNouaille, Trefileries et Lam- 
inoirs du Havre, Antony, Seine, France 

Infiltration of TiC Skeletons: Herman Blumenthal 
and Ronald Silverman, American Electro Metal 
Corp., Yonkers, N. Y 

Grain Growth of Titanium Carbide in Nickel: L. P 
Skolnick, Massachusetts Institute of Technology, 
Cambridge, Mass 

The Metallography of Aluminum Powder Extru- 
sions: F. V. Lenel, G. S. Ansell, and E. C. Nelson, 
Rensselaer Polytechnic Institute, Troy, N. Y 

The Properties of Aluminum Powers and of Extru- 
sions Produced From Them: F. V. Lenel, A. B 
Backensto, Jr., and M. V. Rose, Rensselaer Poly- 
technic Institute, Troy, N. Y 

12:15 pm, Mosaic Room 

IMD Powder Metallurgy General Luncheon 
C. G. Goetzel, Chairman 
2:00 pm, Pennsylvania Room, Hotel Statler 
Powder Metallurgy Symposium 
F. V. Lenel, Chairman 

SAP and Related Processes, N. J. Grant, Massachu- 
setts Institute of Technology 

2:00 pm, Hotel Statler 

Research Summaries—Equilibrium Diagrams and 
Microstructures 
J. T. Eash and Irving Cadoft, Associate Chairmen 

Solidification of Aluminum-Zine Alloys: Donald 
Jaffee and M. B. Bever, Massachusetts Institute 
of Technology, Cambridge, Mass 

The Microstructures of lron-Sulphur Alloys: A. S 
Keh and L. Van Vlack, U. S. Steel Corp., Kearny, 
N. J 

Use of Lineal Analysis for Obtaining Particle Size 
Distribution Functions in Opaque Samples: J. W 
Cahn and R. L. Fullman, General Electric Co., 
Schenectady, N. Y. 

Pressure-Temperature-Composition Relations in the 
Cr-Ni Terminal Solid Solution: A. U. Seyboit and 
R. A. Oriani, General Electric Co., Schenectady 
N.Y 

Isothermal Sections in the Systems Mo-W-C and 
Mo-Ti-C: H. J. Albert and J. T. Norton, Massa- 
chusetts Institute of Technology, Cambridge 
Mass 

Beta-Phase Parameters in the System Ti-V-Mo 
J. L. Taylor, Jet Propulsion Laboratory, Cali- 
fornia Institute of Technology, Pasadena, Calif 

Magnesium-Uranium System: P. Chiotti, G. A 
Tracy, and H. A. Wilhelm, Iowa State College, 
Ames, lowa 

High-Temperature X-Ray Diffraction Investigation 
of the Zirconium Hydrogen System: D. A. Vaughan 
and J. R. Bridge, Battelle Memorial Institute 
Columbus, Ohio 

Contribution to the Bismuth-Manganese System 
A. U. Seybolt, H. Hansen, B. W. Roberts, and P 
Yurcisin, General Electric Co 

A Re-Examination of Ti-Fe and Ti-Fe-O Phase 
Relations: Elmars Ence and Harold Margolin, New 
York University, New York, N. Y 

An Investigation of the Partial Constitution Diagram 
Ti-Ti Au,:; Paul Pietrokowsky, E. P. Frink, and 
Pol Duwez, Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena, Calif 

Solid Solubility of Lithium in Aluminum: S. K 
Nowak, Aluminium Laboratories, Ltd., Kingston, 
Ont., Canada 


. 


like to have your comments, too. 


We have a speaker this morning who will deliver the keynote address for this sym- 
vou certainly know of his article on what 


J. H. Jackson, Chairman, IMD Titanium Advisory Commit- 


tee is Supervising Metallurgist, Battelle Memorial Institute 


posium. I think most of you know him. If not, 


the future holds for titanium. 


Keynote Address 


by H. H. Kellogg 


possible without the hard work, initiative, and con- 
fidence that people like you have shown 


AM honored to address you on this occasion, I 

am honored but, at the same time, concerned 
about my qualifications for this assignment. My 
knowledge of titanium has been largely gained as a 
bystander or onlooker, as the titanium industry has 
grown from the talking stage of 1946 to its present 
adolescence. My work for the Office of Defense 
Mobilization since 1954, has qualified me as one of 
those experts who knows very little about a great 
many aspects of the titanium industry. Your pan- 
elists today are much better informed than I on 
the fabrication and use of titanium. They have lived 
with the problems they will discuss. For the same 
reason, far more knowledgeable people than I can 
be found to discuss titanium ore supply, methods of 
reduction, melting, and economics of the titanium 
industry 

After some soul-searching, when asked to make 
this address, I concluded that my only valid con- 
tribution might be that of supplying a perspective 
Perhaps, for the very reason that I look at them 
from a distance, it is possible for me to see your 
problems in a perspective denied to those of you 
more intimately involved 

Some questions we would all like to have an- 
swered are: When will the titanium industry come 
of age’? When will titanium usage reach 100,000 
tons per year? When will titanium sheet sell for 
$3.00 per lb? When will titanium be handled in 
shops with the ease of stainless steel? 

To answer these questions I need be a seer or a 
charlatan. No, I won’t attempt to set a time sched- 
ile for the growth of the titanium industry. I will 
give you my ideas, however, on a course of action 
that I believe can accelerate this growth period 

The theme I want to develop today is the need 
for confidence and faith in the future of the tita- 
nium industry. Perhaps your presence here at this 
Fourth Annual Titanium Symposium is sufficient 
evidence of your confidence in titanium. The re- 
markable advances that titanium technology has 
made in the last eight years would not have been 


Titanium Symposium 


A Panel Discussion Weld During the AIME 


Tustitute of Metals Div. Meeting, Adelphia Hotel, Philadelphia 
Oct. 17 19,1955 


This is the Fourth Annual Titanium Symposium sponsored by the Institute of Metals 
Div.. AIME. We have a few rules for the symposium. 


meeting last year and we intend to conduct it in much the 
came in, you noticed a small white card. If you would like to ask a question, we would 


like very much to have you write out your question on the card. We want more than your 
que ‘stions—this is a symposium. We have a large number of people here, but we would 


| think many of you were at our 


changed abruptly within the last year or two, Dut 
growth years, excessive optimism cal! 
ried the development of titanium on the crest of a 


» steel obsolete 

1954 was a hard one for titanium, Un 
suspected problems of quality control and fabrica- 
» encountered. Reality began to invade the 
Titanium although still possessed of many 
, turned out to have shortcomings also, Con- 
sumption of titanium failed to increase significantly 


sunk below the w 
‘ people was the wonder that others 
still believed it had a future 

, and 1956 will be, critical years in 
the growth of the titanium industry. Like any other 
human endeavour, the spirit in which the problem 


effort. Will we face our titanium 
with confidence or as pessimists? I ven- 
» to predict that five years can be cut from the 
growth period of the industry by a spirit of confi- 
» tempered by reality—-I am pleading for faith 
> of titanium 

article on the future of titanium some 
Some of you may have read it. I at- 
tempted to prove in that article that, if produced on 
/ a mature industry, titanium sponge 
sell for a little over $1 per lb and mill prod- 
$2 per lb. Based on prices of this 
, and accounting for the advantages of titanium 
structural metal, I predicted that the industry 
an eventual size of several hundreds 
sands of tons annually in this country 

I want to tell you how I came to write that article 
My work in Washington during 1954 had brought 
with many people of the excessive 
, wonder metal school of thought as well as 


same manner. When you 


public opinion on titanium has 


the wonder metal, was going to 


For many people, titanium had 
faves. The only wonder about tita- 


to a large extent determine the 
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He was 
born in New York, he went to school in New 
York, and he now lives and teaches in New York 
However, in addition, he is leading a double life, 
as many of us do these days; that second life of 
his takes him to Washington where, since 1954, 
he has been the Chairman of the Titanium Ad- 
visory Committee of the Office of Defense Mobili- 
zation. Professor Kellogg is a member of Pi 
Sigma Psi, AIME, American Chemical Society, 
Electrochemical Society, and a host of other 
societies. He has been especially active in the 
Extractive Metallurgy Div. of AIME. I know 
that you will be very anxious to hear how he 
views titanium today 


Herbert H. Kellogg is a New Yorker 


J. H. Jackson 


the pessimistic, far-from-wonder-metal school of 
thought. What side should I take? I was and am of 
the opinion that the magnitude of this industry is 
inversely related to the price of titanium products 
If $5 sponge and $20 mill products were to be ulti- 
mate prices for titanium I would side with pessi- 


mists. If 25¢ sponge and 50¢ mill products were to 
be the future prices of titanium, wonder metal 


would be an appropriate name 

I decided, therefor, to set my brand of optimism 
or pessimism by making the best estimate of the 
ultimate price of titanium of which I was capable 
Believe it or not, as you wish, I made my price esti- 
mate first and fixed my confidence only after these 
estimates showed it to be justified 

There are three principal bases for my faith in the 
growth of this industry 


First: Titanium has inherently attractive physical 
properties as a structural metal—you know them 
better than I. The development of competing ma- 
terials, like 17-—-7PH steel, does not dampen my 
faith in titanium because this kind of improve- 
ment in steel properties can also be expected of 
titanium. The advances in heat treatment of tita- 
nium alloys, on which your panelists are report- 
ing today, already promise this. The development 
of honeycomb structure in steel does not shake my 
faith in titanium because honeycomb can probably 
be made from titanium also. The present physical 
properties of titanium in commercial products are 
very attractive. I have no reason to doubt that 
your researches will improve greatly on these. 
Second; Titanium has cheap and abundant ores 
We need never fear that it will lack availability 
because of ore shortage, or that the scarcity of 
raw materials will cause high prices or that North 
America will lack sufficient titanium ores 
Finally: I have convinced myself at least, that 
titanium can be made far less costly by presently 
known technology, if produced on a large scale, 
by a mature industry 


My faith in titanium does not constitute approval 
of the wonder metal myth. A metal which sells for 
2 a lb as mill products can be used by our civiliza- 
tion only where the advantages outweigh the price 
differential of cheaper metals. A metal produced at 
the rate of several hundred thousand tons a year 


Thank you Professor Kellogg. We all like your cool realistic analysis of the future. 


can hardly be called a wonder metai when alumi- 
num and copper are produced at the rate of almost 
2 million tons per year and steel at a rate of 100 
million tons per year. I don't believe we are about 
to see the steel age replaced by the titanium age 
I do believe we are about to see titanium become 
one of the three or four most important nonferrous 
metals 

But how long will it be before the titanium in- 
dustry reaches this bright maturity? Much as we, 
as scientists and engineers, may underrate its im- 
portance, I believe that the tenor of public opinion 
can have an important effect on the time required 
for this industry to reach maturity. Here is how 
you, as formers of public opinion, can contribute to 
a more rapid growth of the titanium industry 


You who are users or potential users 
of titanium: 

If you believe that titanium will be substantially 
cheaper in the future, of better quality and avail- 
able in large quantities, you will use more of it now, 
despite the high cost, in order to gain “know how.’ 
You will use at least limited quantities for purposes 
where present prices render the use unprofitable 
The effect of your confidence will be to increase 
utilization and production 


You who are producers and fabricators 
of titanium: 

Increased production will cut your costs. Your 
faith in the future of titanium will be such that you 
will, accordingly, cut the prices of your products to 
the minimum. You will understand that profits 
foresworn now will lead to more rapid growth of 
the industry and the promise of larger and more 
profits in the near future 


You who are from government agencies 
connected with the Government titanium 
program: 

Your confidence that titanium has a secure future 
will give you the strength to oppose short-sighted 
individuals who fear that government money is 
being wasted on a myth. When the inevitable prob- 
lems associated with the growth of the industry 
arise, you will not be discouraged and join the 
pessimists, but rather seek the method by which the 
government can aid industry in the solution of the 
problem 


You who are researchers and engineers: 

Your faith in the ultimate importance of titanium 
will offer the needed incentive to overcome the 
numerous problems in making and fabricating of 
titanium which are bound to arise 

The vicious circle of price and demand—-demand 
is low because price is high, and price is high be- 
cause demand is low—is typical of the growth of 
any industry. The combined confidence of you pro- 
ducers, users, researchers, and government men will 
help to change the vicious circle into a widening 
spiral. The greater is your properly placed confi- 
dence the wider the spiral will be and the more 
rapidly will titanium come of age 


| think your faith in this material is the reason why a meeting like this can draw such an 
outstanding group of people to present papers, serve as panelists, and of course, to partici- 
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pate in discussion from the audience.—J. H. Jackson 


TITANI|UM SYMPOSIUM 


INN 


Leo Scuapimo is Chairman of this particular symposium today. 


1 think all of you 


who have been in this titanium field for very long know Dr. Schapiro, chief metallurgist 
of the Santa Monica div., a plant of Douglas Aircraft Co. Dr. Schapiro has been active in 
the titanium field since at least 1948 and, as you know, Douglas has adopted a very realis- 


tic view on the use of titanium. 


They have wanted to learn what titanium can do for them. 


On the other hand, they are not an organization willing to push this material as a wonder 


metal. 


Dr. Schapiro obtained his B.S. degree from the Missouri School of Mines. He did his 


graduate work at the University of Wisconsin. 


He worked for a number of years with the 


South Chicago plant of U. S. Steel C lorp., and from 1944 to the present time has been with 
Douglas Aircraft. 


nize what are milestones of progress. 


J. HL. Jackson 


Chairman Schapiro: The confidence that Professor Kellogg is trying to instill in us 
would undoubtedly be helped if in this mad rush of improving titanium we 
Professor Kellogg mentioned that there have re 


can recog- 


cently been some quality deficiencies in the material and I would like to have vou leave 
here with the underst: anding that this session and this day actually marks a milestone in 
the progress of titanium—a items that represents the passage of suc h qui ality deficien- 


cies as would have allowed titanium metal to tear like paper 


longer produced 


HE year since our last titanium symposium in 

Chicago has seen, if such a thing is possible, 
even greater advances in most phases of titanium 
technology than the previous years of this metal’s 
short but whirlwind commercial existence. Perhaps 
the most significant development of the year was 
the establishment by the Defense Dept. at Battelle 
Memorial Institute of the Titanium Metallurgical 
Laboratory. Establishment of this laboratory re- 
presents the studied conclusion of the Defense Dept 
that titanium will definitely be of substantial value 
in military equipment. This was tacitly assumed in 
many quarters previously, but the level of activity 
largely uncoordinated and not 
This represents, then, a sort 


was experimental, 
hitting on all cylinders 
of national confidence that titanium problems are 
soluble and that it can soon become a solid citizen 
among the important structural metals. The im- 
portant thing is that the Metallurgical Laboratory 
does not stand alone but serves to implement a 
greatly expanded program, the purpose of which is 
to coordinate and expedite titanium’s daily and con- 
fident use in defense equipment. Some of the details 
of the lab’s operation and accomplishments to date 
will be covered in the session to follow 


Background for Alloy Development and Heat 
Treatment 
Research and development contracts across the 
country have continued to increase knowledge con- 
cerning what to do with titanium alloys available 
and the factors to consider in developing new ones 
The existence of an embrittling transition phase, 


The Present Status of Titanium Development 


This kind of material is no 


D. J. McPherson is with the Armour Research 
Foundation. He has been connected with titanium 
for the past nine years. He received his Bache 
lor’'s and Doctor's degree in metallurgy from 
Ohio State University and has been a practicing 
metallurgist for 12 years 


omega, in the transformation of beta to alpha for 
beta stabilized alloys has been proved. This 
the prior mystery of anomalously hard and brittle 
beta which frequently occurred and was called beta 
prime. Practical heat treatments to avoid and 
stabilize alloys against omega formation have been 
developed by Frost and co-workers 

The results of many prior research projects have 
been reviewed and rationalized by L. D. Jaffe into a 
broad basis for hardenability and heat treatment of 
titanium-base alloys 

The concept of complexity, meaning multiplicity 
of beta or alpha stabilizing alloying additions, is 
now with us. The superior heat treated strengths 
attainable in the 3Mn-complex alloy which has five 
alloying constituents, all beta-stabilizing, mean that 
this concept must be systematically studied and, if 
proven advantageous, applied in alloy design 

The need for selecting alloys for extended high 
temperature service under stress on the predomi- 
nant basis of stability tests is now understood and 
accepted. Stability is defined in terms of little or no 
loss in room temperature tensile ductility of a speci- 
men after exposure to high temperature creep con- 
ditions appropriate to the intended application. The 


solves 
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superior performance of predominantly alpha phase 
alloys, solid solution strengthened by aluminum, 
for such applications is rapidly being demonstrated 

There are far too many valuable physical metal- 
lurgical and alloy development programs under- 
way to cover even by mention here. But it is im- 
portant to realize, while there is concentration on 
putting the material we now have to quick and 
effective use, that the ability of titanium base alloys 
to improve and keep up with future needs can come 
only through this type of research. Some of it may 
need to be (forgive the expression), crash-type 
work, but the fundamental and methodical efforts 
must not be abandoned 


Alloys 


No entirely new alloy compositions have been 
offered commercially during the last year. Mean- 
while, however, much experience has been gained 
with the fairly new 3Mn-complex and Ti-6AI1-4V 
commercial compositions. The 6-4 composition has 
been engineered into a current jet engine 

Although new commercial alloys cannot be cited 
at this moment, we are probably on the verge of 
seeing several. Producer's efforts in this direction 
have been high. Naturally, sufficient testing to as- 
sure superiority and long commercial life is desired 
before public announcement 

Other experimental! alloys are being examined in 
laboratories throughout the country. One which is 
perhaps close to commercial application is a Ti-7 pet 
Al-3 pet Mo alloy developed in the programs at 
Armour for superior performance at high tempera- 
tures and stresses. This alloy looks better in creep 
at 1000°F than any tested so far and is stable 

The titanium industry is in far better shape as 
regards forging alloys than it is with respect to 
sheet compositions. Ti-8 pet Mn has been the 
principal sheet alloy but has given periodic trouble 
with uniformity, hydrogen susceptibility, general 
stability and weldability, and inadequate strength 
Considerable strides have been made lately in com- 
mercial improvement of this material. The Ti-5 
pet Al-2.5 pet Sn sheet alloy, which is all alpha, is 
stable and weldable but no stronger than 8 Mn and 
incapable of heat treatment to provide higher 
strength. It is also more difficult to form than Ti- 
8 Mn. Sheet alloys having the almost Utopian 
property combination of good formability, ex- 
tremely high strength, stability and weldability are 
currently desired. This is a real challenge to the 
state of our alloy design knowledge. It probably 
means that the alloy will have to be solution treated 
and quenched to provide the low yield and high 
uniform elongation necessary for forming, 
then aged to high strength values for service 
Maybe we can do this with relative ease in the lab- 
oratory, but the quenching of mill production sheets 
and the aging of whole aircraft assemblies mean 
engineering problems of tremendous magnitude 

Some of the things going on in the laboratories 
now include reassessment of alloy types that were 
passed over or shelved originally in the quest for 
veneral objectives such as greatest strength, creep 
resistance, impact resistance, etc. Now that engi- 
neering needs are clarified by some experience and 
can feed information back into alloy development, 
these things can be reconsidered. Some of the areas 
which may be fruitful are all beta alloys or other 
alloys based on highly alloyed beta, rapid eutectoid 


good 
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alloys, precipitation hardening alloys involving pre- 
cipitants other than alpha, or alloys based on the 
straight martensitic compositions 


The Hydrogen Problem 

Very great progress was made during the yea! 
on the bugaboo hydrogen, about which the alarm 
bells were clanging at our last symposium. This 
was particularly spooky because we didn’t know 
what it would do, how it did it, or where we were 
getting it in the first place. We still don’t know all 
the answers, but, thanks to a well conceived crash 
program at Wright Air Development Center and a 
number of private investigations, we know enough 
now to avoid most of the problems and to be able 
to set specifications within reasonably safe limits 
We know, for example, more about precautionary 
sponge storage and handling, that melting should be 
in vacuo or under reduced gas pressure, that heat- 
ing for working operations should not employ re- 
ducing atmospheres, that the type of pickling bath 
and conditions of operations need to be closely con- 
trolled, that certain alloy types are susceptible, that 
strain rate is a factor in the room temperature duc- 
tility of hydrogen containing alloys, that stress con- 
centrations (such as notches produce) 
hydrogen embrittlement, and that 125 ppm of hy- 
drogen is a tentative safe maximum for most alpha 
beta type alloys 

Meanwhile some other 
thodically learned, and steps are being taken to find 
a quick qualification test that will eliminate mate- 


engende: 


answers are being me 


rial having hydrogen embrittlement propensities 


Forming 

Our current state of knowledge on both primary 
and secondary forming of titanium and it 
in pretty fair condition 
sents little problem. For the currently 
alloys, both hot forging and rolling procedures are 
well understood and formulized to the extent that 
reproducibly uniform quality 
tions is the rule. One of the problems in this whole 
area is the dissemination of public, time 
formation throughout the industry Presumably 
the Titanium Metallurgical Laboratory will be in a 
position to collate such widely scattered information 
and issue state-of-art reports which will be ex- 
tremely valuable 

Experience has added greatly to our knowledge of 
how to bend, press form, drop hammer form, and 
stretch form titanium and its alloys. We know that, 
like it or not, hot forming is required to give low 
springback, greater elongation, smaller bend radii 


alloy 
Unalloyed titanium pre 
available 


with most composi- 


saving in- 


and some compensation for material inconsisten- 
cies. We know that slow forming rates are prefer 
able and that preparation, 
notch elimination, is extremely 


relieving of formed parts has been 


particularly 
Stres 
hown to be e 


material 
important 


sential as a final operation 

Good progress has been made toward commer- 
cialization of extrusion Properties competitive 
with and in many cases superior to those of parts 
shaped from forged or rolled stock have been dem- 
onstrated. Principal problems are die materials 
and lubricants, but constant progress has been in- 
dicated in these areas 


Casting 
A relatively neglected area of titanium develop 
ment, casting, has received some attention recently 


Ordnance parts up to nearly 100 lb have been suc- 
cessfully cast from consumable electrode furnaces 
by the Bureau of Mines. Skull type furnaces are 
also being employed to make both gravity and cen- 
trifugally cast titanium parts of smaller size. As 
the areas in which castings will most economically 
serve in defense equipment become defined, in- 
creased development and scaling up of casting pro- 
‘edures should be forthcoming. In order to step in 
effectively when called upon, casting has perhaps 
already been over neglected 


General 


The overall status of titanium is 
bound up with a variety of complex factors, among 
which are cost, actual performance, performance 
competition with other new materials or types of 
structures, and changing criteria of its potential 


irrevocably 


applications 

The cost of sponge has been reduced in two steps 
in little over a year from $5.00 to $3.95" per Ib 
Still further sponge cost reductions are feasible 
The cost of mill products can be substantially less 
as a function of reduced sponge price, increasing 
utilization of scrap, regular mass production, and 
constantly improving general technology 

Titanium will be used only when it is economical 
We must then distinguish between mili- 
tary and commercial economy. A material will be 
economical for defense purposes when it can do the 
job that’s needed better than other materials, es- 
entially regardless of cost. It’s almost a cliche to 
ay that in the case of titanium what we're buying 
is weight saving. Thus, titanium for most applica- 
tions will be compared on a basis of X-to-weight 
ratio, where X is some property, like strength o1 
modulus or proportional limit, which can be ana- 
lyzed as the design criterion for the application 
That establishes the technical superiority of tita- 
nium. The military economy is established by a 
consideration of whether the additional cost of using 
titanium is justified by some parameter of superior 
mobility, striking 
range, increased payload, etc 

Commercial economy is measured more simply in 
terms of profit. Titanium may now be able to dem- 
onstrate long range economy in certain applications, 
such as corrosion resistant equipment and trans- 
portation applications where increased payload 
eventually earns back increased capital costs and 
tarts making profit. There is no allowance for the 
intangible profits so important to the military 

Aircraft are still the big potential outlet for tita- 
nium. It seems clear that there will always be uses 
for titanium in this field. Citation of actual parts 
in the long run is impossible for several reasons 


to do so 


performance, such as speed, 


litanium alloys have by no means reached thei: 
ultimate state. At the same time, other material: 
are constantly being improved (e.g., stainless steels 
and super-alloys), and new materials are being ex 
ploited. Thus, titanium will always have to jockey 
with competing alloys at the time the materials bill 
for a given job is being made up. In addition, the 
changing criteria of ever superior aircraft will com- 
plicate titanium’s picture. Just as aluminum is now 
inadequate for certain parts of current aircraft, t 
or will be inadequate for certain parts of 
advanced craft, weight savings notwithstanding 
However, if we should consider current planes with 
aluminum frame 


tanium Is 


titanium jet compressors and 


As of October 1955. Price has since been reduced 


structure, we might in the next design consider 
ferrous compressors and titanium frames 


Availability 

Assuming that titanium of uniformly satisfactory 
quality is producible and that fabrication problems 
can all be ironed out, aircraft manufacturers, in 
order to employ it in production models, will have 
to be assured of a large and steady supply. What is 
our production capacity’? DuPont and Titanium 
Metals Corp. can now operate at 3600 tons per yea 
Additional capacities for each of these plants have 
been considered but are not contracted. Cramet, 
Inc. should be able to produce 6000 tons per year by 
January 1956. Dow Chemical is in production and 
should reach a contracted capacity of 1800 tons per 
year late in 1956. Union Carbide will have a 7500 
ton per year unit operating in 1956. This is the first 
production process to abandon the Kroll method in 
favor of sodium reduction of tetrachloride 

The actual production in 1954 was a little ove 
5000 tons. The expected output this year is close to 
9000 tons, and for 1956 about 15,000 tons. If full 
production in currently contracted capacity were 
met, the capacity to start 1957 should be over 22,500 
tons. This could, of course, be augmented by new 
contracts in the meanwhile 

In addition to the foregoing, Harvey Machine Co 
is known to be contemplating a Kroll process plant 
Pilot plant operations on new processes are being 
carried out by Horizons Titanium, Western Pyro- 
met, and a National Research-Monsanto combine 
Other firms known to be carrying on development 
work incluce Kennecott Copper, New Jersey Zinc 
Kaiser Aluminum, a Glidden-Bohn Aluminum com- 
bine, National Distillers, Anaconda ('o., and Eagle- 
Picher. Many of these would figure, if a second 
round expansion develops 


Conclusion 
So it appears that we are picking up steam on all 
fronts—alloy development, heat treatment know- 
how, production quality, large scale handling and 


processing, and sponge production capacity. The 


wonder metal is emerging from precocious adoles- 
cence and beginning to settle down to family re- 
sponsibilities 

Thank you 


Courtesy Titanium Metals Corp. of America 


JANUARY 1956, JOURNAL OF METALS—25 


al 
‘| 

= 

‘| 

< 

a 

Pe 

j é — 


The Panelists on “Titanium 


Deuclospment 


Schy Herres, as most of you know, is with the 
Titanium Metals Corp. of America and he was 
with Allegheny-Ludlum before that. Mr. Herres 
has been practicing metallurgy for 16 years, after 
graduating from the Colorado School of Mines 


Lee 8S. Busch is with Mallory-Sharon Titanium 
Corp., and has been practicing metallurgy for 
16 years, the last 10 of them with titanium, after 
graduating from Purdue 


Virge Whitmer has been working with titanium 
for the past five years since Republic Steel Corp 
has been in this field. His hair doesn’t show it 
like mine does, but he has been practicing met- 
allurgy for 32 years, all with Republic Steel since 
graduating from Carnegie Tech 


Dwight Kaufmann was with Crucible the 12 
years that he has practiced metallurgy since 
graduating from Penn State, and three years ago 
was transferred to Rem-Cru Titanium, Inc., the 
titanium activity with which Crucible is affiliated 

Harold Margolin of New York University has 
been practicing metallurgy for six years, after 
graduating from Yale in '43, with a Doctor's de 
gree in ‘50, with two years in the Navy between 
the two 


What can be done by nitriding, heat treat- 
able alloys, etc., to improve friction type 
wear resistance and galling resistance? 


L. S. Busch: There has been a lot of work done to 
attempt to nitride titanium surfaces. Most of the work, 
I believe, has been done with unalloyed titanium 
rather than the alloys. So far as my experience with 
the literature would indicate, I would say that this has 
proven a very difficult, if not impossible thing to do to 
date. I believe it is because of the very slow diffusion 
of nitrogen into titanium and its tendency to actually 
form a surface nitride which does not diffuse very 
rapidly 

I think the question was misunderstood 
What was meant was nitriding or any other 
process, such as age hardening alloys which 
would improve frictional wear resistance 


L. 8. Busch: I can only say I know of only one case 
where this was successfully done and it was done in 
the same way that you would do this to steel, and that 
is by heating the surface, quenching it to get a marten 
sitic structure on the surface which was extremely 
hard for titanium, not nearly as hard as quenched steel 
But it did improve the surface characteristics, wear 
and frictionwise. Generally, I believe one would have 
to say that to do this one would have to have a marten- 
sitic transformation product 

S. A. Herres: I understand Battelle has done some 
rather nice work on a phosphate fluoride coating which 
will improve wear and galling resistance considerably 

Vv. W. Whitmer: We have been working on the 
philosophy of two different analyses, such as pure and 
alloy, and heat treating the alloy to get a hard surface 
sliding on a softer surface. We may be close to it. We 
may be ‘way off first base, we don’t know, but we are 
going to follow that up to see what happens 

What kind of microstructures would be ex 
pected on quenched and furnace cooled ti- 
tanium-aluminum-chrome alloy? If needles 
are formed, what would they consist of? 


L. 8. Busch: It would be almost impossible to retain 
beta in this alloy, no matter how you quenched it. A 
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quenched structure would, therefore, be martensitic, 


needle-like, acicular, whatever you want to call it, and 
the needles would be alpha. I believe the present 
terminology is to call them alpha prime. I would say 
this: A furnace cooled structure from high in the alpha- 
beta field to, say, around 1000°F would give you a 
relatively equiaxial alpha structure and a matrix of 
beta, with no, or very little, sharp acicular structure 
present 

What is the status and potential of titanium 

in the powder metallurgy field? 

A. D. Schwope (Clevite Corp.): I think the status 
of powder metallurgy of titanium is pretty simple to 
describe by stating that at the present time there are 
two methods of fabricating titanium: arc melting and 
powder metallurgy. You can’t distinguish between the 
two in terms of properties or quality. I think the way 
that you have to distinguish between the two is on the 
basis of economy: Can one method produce a part 
which is more economical than another? 

In the unalloyed titanium the powder metallurgy 
process produces parts of full density, high impact 
strength, notch toughness, good fatigue strength, and 
good ductility. When I speak about ductility I am 
talking about 30 pct elongation and fatigue strength of 
50 pet of the tensile strength 

In terms of alloys, at the present time, to my knowl- 
edge, the powder metallurgy alloy field is concerned 
primarily with binary aluminum alloys to replace the 
interstitial hardened unalloyed or commercial tita- 
nium and the 4 pet Mn-4 pct Al alloy. I would like to 
cite the properties because those are the things that 
really determine whether it is useful or not. The 
properties of the 4 Mn-4 Al alloy average about 140,000 
yield strength and 20 pct elongation. The impact and 
fatigue strengths compare to the arc melted materials 
In other words, microstructurally or propertywise you 
can't tell the difference 

Have you done anything in connection with 
powder metallurgy rolled into sheets, with 
regard to ductility? You mentioned 30 pct 

A. D. Schwope: You mean to take powder and roll it 
into sheet or fabricate a billet and roll it into sheet? 

V. W. Whitmer: Make a billet out of powder 

A. D. Schwope: Yes, we have done some of this work 
and, again, the ductility is high. I would say it would 
be in the order of 30 pct elongation. I hesitate to say 
this but one of our tests indicated only small aniso- 
tropy. We have found we can make powder metallurgy 
sheet, tubing, and rod. Here is a 20 mm shell case which 
has been drawn or extruded from a powder metallurgy 
blank. I think the method, again, should be thought of 
as just another way of making a billet for subse- 
quent working 

Chairman Schapiro: You mentioned something about 
anisotropy of the sheet and you said it was somewhat 
less. I would like to know what you had in mind 
comparing it with 

A. D. Schwope: You always compare it with some- 
thing that is presently available and we are comparing 
it with arc melted and rolled sheet 

You mean that you normally have no 
greater anisotropy in sheet rolled from 
powder? 

A. D. Schwope: We cannot explain it at the present 
time, but the indications are there. We have not taken 
billets prepared by the two methods and rolled and 
examined the properties 

What are precautions that should be ob- 
served in handling sponge to prevent hard- 
ening or hydrogen contamination? 

S. A. Herres: Currently available titanium sponge 
has been pretty well tested over a long period of time 
DuPont material which has been put into stockpile has 
been tested over periods of years, and the general ob- 
servation is that with any reasonable precautions for 
handling sponge you don't have any degradation due 
to storage. In our own process where we actually go 
through a leaching of the sponge, supposedly all the 
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moisture that is going to be absorbed is absorbed and 
it can be redried. I think this is a question that was of 
great concern a year ago but has been pretty well 
resolved in the last year 

Are there any detrimental effects in water 

or 1 pet hydrochloric acid leaching and, if 

so, what are they? 

S. A. Herres: Obviously, we don't know of any de- 
fects in leaching with adequate techniques or we 
wouldn't be doing it, and we don’t see any 

L. S. Busch: Wouldn't you say that drying is ex- 
tremely important here? It has to be pretty thoroughly 
taken care of, and you are equipped to do that 

S. A. Herres: That is correct. Of course, if you heat 
titanium at high temperatures in the presence of 
moisture, it will absorb and oxidize. If the sponge is 
dried at fairly low temperatures, you take off the 
water. The advent of vacuum melting has practically 
solved the hydrogen problem so far as ingots are con- 
cerned 

What advantages are obtained in making 
commercial titanium of increasing purity? 

D. W. Kaufmann: From the standpoint of the user, 
the obvious improvement by making purer material 
would be an improvement in ductility. The higher the 
so-called impurities, which are usually interstitial 
elements, primarily oxygen, the higher the strength of 
the material. As the strength goes up the ductility goes 
down, so if you want to do severe forming of sheet, 
making sharp bends or deep drawings, things of that 
type, you have better success as purity increases 

Chairman Schapiro: My company (Douglas Aircraft 
Co.) is a user of titanium, and increasing the purity of 
the commercial and alloy grades can be carried too far. 
Our designs in the use of commercial grade titanium 
have all been standardized at a particular strength 
level and this strength level has been brought about 
without alloying by the presence of a certain amount 
of interstitial 

If this degree of impurity were improved, we would 
not have the strengths we are looking for; the material 
would be of lower strength. To this extent it wouldn't 
be helpful to u 

What is the Brinell of the material that 
you used”? What is the desired Brinell? 

Chairman Schapiro: The term Brinell normally refers 
to the hardness of the sponge. Our purchase of this 
material is regulated by the strength of the finished 
sheet that we buy and we do not control the hardness 
of the sponge. I do not know what sponge hardness our 
suppliers are using to make the product that we buy 

D. W. Kaufmann: There are presently three specifica- 
tions put out by SAE or the AMS, which govern most 
of the titanium used in aircraft usage, covering com 
mercially pure titanium. They are AMS 4900, 4901, and 
4902, having, respectively, yield strength minimums of 
55,000, 70,000, and 40,000. They are all the same type of 
material. There are no alloying elements added. It is 
merely a difference in the presence or concentration of 
interstitial elements 

L. S. Busch: It is possible to get these strength levels 
by the addition of metals rather than interstitials, 
and this approach might help us in the long run. I 
know that we and the other producers have done quite 
a bit of experimentation with such material 

S. A. Herres: I would like to add that sponge hard 
ness is not a particular problem for the producers at 
the present time. The alloys that we are now making 
in many cases actually require an addition of oxygen 
to bring them up to the minimum strength level that 
is required 

How about sheet? I wouldn’t want to use 
anything of that high hardness 

S$. A. Herres: We wouldn't particularly want to do 
that, either. The reason is we have to balance an alloy 
against a given minimum yield strength, and that re- 
quires a certain oxygen content for a given metallic 
alloy content. As you run any particular combination 


of metallic alloying elements up you encounter fabri- 
cation and other problems. In the annealed condition 
we have to use a sponge hardness which is relatively 
high compared with some of the sponge production 
goals to meet strength requirements 

H. W. Dodds (Clevite Corp.): It has been our phi- 
losophy for quite a few years to try to lower the inter 
stitials in the sponge that we are using. We try to get 
as low an interstitial content as possible and bring up 
the strength by the addition of 1 and 2 pct aluminum, 
giving you the same physical properties as you get in 
your higher oxygen content commercially pure tita 
nium. We are having a moderate amount of success 
along that line 

Chairman Schapiro: Would you state what are the 
advantages of doing this—what advantages accrue to 
improving the purity? 

A. D. Schwope: | think one of the advantages that is 
quite apparent is that even in the 2 pct aluminum alloy, 
which has a strength of 70,000 psi, our impact strength 
in the powder metallurgy product is between 40 and 
50 ft-lb approx, in the actual commercial product 

You may say this is due primarily to hydrogen that 
we have a very low hydrogen content. That is true, but 
I still feel that keeping the oxygen low is advan 
tageous. I think that it may not be so important in 
terms of unalloyed material as it is in terms of alloyed 
material because of the reactions and beta stability of 
some of the phases, but I think that the advantages lie 
in the higher quality and the feeling of security. This 
is a real thing, the feeling of security that you get by 
eliminating the so-called interstitials, because we don't 
really understand all the things they do and we like 
to have something that we think we know more about 

S. A. Herres: I think in this discussion we ought to 
bring aluminum up to the level that is required for 
high strength alloys. Our most important commercial 
bar and forging alloy is in the 6 pet Al range and the 
improvements that we are really looking for require 
higher aluminum percentages. We use all the alumi 
num that we can handle right now to obtain elevated 
temperature service strength and then reach a ceiling 
up around 7 or 8 pet where other effects are detrimental 

W. L. Finlay (Rem-Cru Titanium Corp.): I would 
like to comment on the addition of aluminum to un 
alloyed titanium. So far as I am aware, the major pro 
is that it will give you higher hot strength. The major 
con is, will it have any adverse effect on bend ductility 
that the equivalent strengthening effect of oxygen does 
not have? 

Do you consider sponge in the range of 155 
to 165 Br a commercially usable product? 

S. A. Herres: For unalloyed titanium, as Walt Finlay 
just pointed out, the strength level most often specified 
is 70,000 psi minimum yield strength and you have to 
use higher oxygen equivalent than 200 Btu to obtain 
that level. For many of the alloys the sponge level is 
below the range mentioned 

But the question here is what you would gain, shoot- 
ing at that strength level with aluminum vs sponge 
hardness, and I think Walt has given a very good 
answer. For room temperature applications or rela 
tively low elevated temperature service applications 
do suffer some detrimental effect on local or bend duc 
tility vs general elongation with aluminum additions 
You do gain some elevated temperature strength 

How much titanium is being manufactured 
by the hot wire process (otherwise known 
as iodide titanium) and what is the thinnest 
film of titanium produced by this process? 

L. S. Busch: The only answer I could even hazard is 
this: Relative to the Kroll and sodium process, the 
amount of iodide titanium produced is extremely small 
The main advantage of its use today is in research, so 
that we can find out what the base level properties of 
any given metallic composition might be where inter 
stitials are at an absolute minimum. But relative to 
sponge production, this is very small 
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Do you know if there has been any work 
done in controlling the process so as to pro 
duce titanium in thin enough films for use, 
say, in vacuum tubes? 

R. I. Jaffee (Battelle Memorial Institute): The prob- 
lem is one of getting as large a deposit rather than a 
real tiny deposit, and I think your best bet would be 
to get the highest purity titanium, have it melted to 
an ingot and drawn down to fine wires 

What is the Japanese capacity’ 

W. J. Kroll: The total Japanese production may be 
about 750 tons per year 

Chairman Schapiro: That is all produced at Kobe? 

W. J. Kroll: No, all together, and they expect to in 
crease twofold, to double their capacity 

Could you enlarge on why you think eutec- 
toid alloys have promise? What are present 
eutectoid alloys? 

D. J. McPherson: | stated that work is going on in 
the laboratories, probably a number of laboratories, in 
that area. I won't commit myself too much as to 
whether I think they have high promise. Obviously, 
however, there are obtainable in alloys of this type 
different structural ingredients and configurations than 
those on which titanium technology is now running 
and has been based. If we can quench to eutectoid 
structures and temper them, or if we can produce 
Bainitic-type structures by isothermal concentrations, 
it seems possible that different ranges of mechanical 
properties would be obtainable in that way 

As to which elements are useful in this respect, we 
could list, probably in order of importance, copper, 
nickel, and silicon as fast eutectoid formers 

H. Margolin: One of the problems in using those 
alloys, however, would be the problem of retaining 
beta. We have been doing some work like this for 
Wright Field and we have been able to get some im 
provement of properties, but we have not been able 
to obtain martensite alone. We have martensite but 
as in other titanium alloys, we have beta and the 
aging of beta to contend with 

I think perhaps there are some problems in using, 
say, tempered structure with a precipitate in it. So 
far, we have found that these kinds of structures do 
not have as much ductility as structures without com 
pound in them. When we have very fine compound 
we can have very poor properties. If we coarsen the 
compound, we would have better properties, but I don't 
think we have the final position on it yet. I would say 
that right now we are somewhat pessimistic in that 
regard 

When will all beta become available com 
mercially? 

D. W. Kaufmann: There is one beta alloy which has 
been produced on a pilot production scale for some 
little time, designed for non-aircraft applications hav 
ing in mind primarily corrosion resistance, and that 
contains 30 pet molybdenum. This alloy has very good 
resistance to the mineral acids such as hydrochloric 
and sulphuric, where titanium does not stand up as 
well as it might in the unalloyed condition 

What do you know about the pyrophoric 
reaction of titanium with nitric acid? 

S. A. Herres: There have been a couple of instances 
of explosions where titanium was exposed to red 
fuming nitric acid at a Bureau of Mines Station, and 
also at one of the aircraft fabricators. The problem 
seems to be a very complex one which may relate to 
a small amount of impurities in the metal or in the 
acid that. is used. That is, the purity of the fuming 
nitric acid may have something to do with it. The 
differential attack of fuming nitric acid on retained 
beta would make it a little questionable as to whether 
retained beta would be particularly good for that ap 
plication, but I don't know of any specific data 

What has been done in roll forming com. 
mercially pure or alloy titanium” 

R. O. Heller (Allison Div., General Motors): I think 
we were one of the first that pioneered in roll forming 
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of titanium. We worked in cooperation with the Tish 
kin Products Co. in Detroit. We started out with an 
Re 70 pure Ti, rolled it cold and broke the rolls. We 
paid for that. We turned to Re 55 and in our first 
attempt took a 6 ft strip and started out at 600°F and 
ran it up to about 1000°F, and found that at 900°F we 
could take some Rc 55 material and run it through the 
rolls and come out with a formed piece 

We were trying for a 0.015 in. radius in a piece of 
0.025 in. material. We finally went to 0.025 in. radius 
and we formed a U section. We then decided that with 
6 ft strip we would be forever and a day rolling pieces 
so after making inquiries, some of the producers very 
kindly came up with 200 to 300 ft lengths. We didn’t 
have any way to heat that so we started trying out 
induction heating, played around with that for a year, 
and finally ended up with running the formed U sec 
tions through the rolls. We did produce 0.025 in. radiu 
on the 0.025 in. material by using induction heating 
We also found we had to use a heating coil in front of 
every roll because if we didn’t our material cooled off 
before we reached the following rolls 

We have produced rolled sections, I would say in 
coils of 15, 20, 25, or 30 ft. We have also rolled some 
0.070 in. material in coils and we weren't too particu 
lar on the radius on that, but we have produced it 

Can the elastic modulus of titanium base 
alloys conceivably be increased over pres 
ent levels and, if so, to what level? 

S. A. Herres: Generally we think of elastic modulu 
as related pretty closely to density and it is not very 
easily influenced by alloys. There has been some indi 
cation in titanium alloys of a fairly wide spread of 
modulus and I don’t think that we know enough about 
it to be able to predict any significant increase in the 
modulus that would be of real value. There | ome 
variation. It will take a long time to work out the 
theory and know exactly what controls it 

D. W. Kaufmann: The modulus of unalloyed titanium 

I don’t know what number you would like to use, 
probably 15.5 million or so—can be increased a little 
bit, I think, by alloying. We have gotten around 17 
million for the all alpha 5 aluminum 2.5 tin material, 
so that you can change it some. You cannot hope to 
approach anything like the modulus of steel, however 

What progress is being made in the re 
cycling of badly scaled titanium scrap? 

L. S. Busch: Badly scaled scrap, progress on the use 
of: none. Without descaling and cleaning it up real 
good, which is a real problem, incidentally, it cannot 
be used. Clean segregated scrap can be used and is 
being used in varying percentages, depending on the 
propertics of the final material desired 

What are the mill producers doing to im 
prove the present alloys in so far as current 
fabrication problems are concerned, in 
making hydroformed parts, die formed 
parts, and in brake bending” 

V. W. Whitmer: I think they have plenty of difficul 
ties on their side of the table and we have the same 
thing on this side. I feel we can safely say that all 
the producers are working diligently and conscien 
tiously to increase the ductility of the product. That is 
one of the shortcomings 

As for particular attention being paid to any one of 
those phases, brake forming or die forming and such, 
I believe what helps one will pretty much help the 
other, but we are definitely working on better duc 
tility and making some progress 

What are the possibilities for electrolytic 
titanium? 

W. J. Kroll: It seems to me that the electrolytic tita 
nium has definitely a great future, but we still have to 
work out a great many difficulties. These are, first the 
oxygen content that is necessary in the bath to avoid 
anode effect, the fact that we have to separate anode 
and cathode rooms, the f-ct that we must line the cell 
with graphite plates—no oxide refractories—that we 
have to operate in absence of air 


I think the best approach to electrolytic titanium 
would be a study of the soluble anode process which 
permits great simplification of the whole equipment. As 
soon as we have solved the problems concerning 
cathode removal, composition of the bath, and switch- 
ing of the electrodes under a heavy current, we will 
be in a position of also tackling the very difficult other 
problems of the insoluble anode, that is to say those 
of metal winning 

My personal opinion is that the iodide purification 
of titanium is on the way out and it will be replaced 
with the much cheaper electrolytic refining with a 
oluble anode 

There is much talk about the effect of 
hydrogen and oxygen. Is it possible that 
some of the properties blamed on these are 
really due to nitrogen? 

L. S. Busch: I think we would say—and I am ex 
pressing a personal opinion here—that when we talk 
about the difficulties we have had with hydrogen in 
unalloyed titanium, what we are really talking about 
is the detrimental effect of the sum of the interstitials 
Titanium is tolerant of some quantity of each of 
these. I think we can say that nitrogen probably is the 
most potent strengthener; that oxygen is next; that 
carbon is third; and that hydrogen, if it strengthens at 
all, is a poor fourth 

In other words, what happened to us in our hydro 
zen difficulties was the fact that we had too much of 
all of them. The hydrogen could be removed and when 
we got it down to a level which the titanium metal 
would tolerate, we got out of our trouble 

D. J. McPherson: I think nitrogen cannot be blamed 
for things that we have been blaming hydrogen for 
However, the comments with regard to its additive 
effect with oxygen are correct. It is a matter of the 
interstitial atom size and the sort of effect that it exerts 
in these alloys 

S. A. Herres: I think we can separate the effect of 
hydrogen completely from that of oxygen and nitro- 
gen. Hydrogen has an embrittling effect which is time- 
ensitive in alloys. Oxygen and nitrogen are both solid 
olution hardeners, nitrogen being roughly twice as 
effective as oxygen. The big difference is that we can 
analyze and control nitrogen very well and we hold 
it to extremely low levels where its variation is 
probably insignificant, and we do control hardness 
primarily by oxygen 

Nitrogen is universally held below 0.03 where the 
variation is practically insignificant 

What can be said about the ductility of 
titanium alloys at very low temperatures, 
such as —300°F? 

L. S. Busch: With a revision to a temperature of 

100°F instead of 300°F unalloyed titanium, once 
again, if the hydrogen is extremely low, let’s say 
lower than 50 ppm, the notch toughness or the impact 
value is practically a straight line from 100°F up to 
above, slightly above, room temperature. In alloys at 

100° F—I am speaking generally now, not specifically 

the line increases, the notch toughness is lower 
at —100°F than it is at room temperature, as with all 
metals. Frankly, I know nothing about —300°F 

W. L. Finlay: I would like to point out that the 
trength of quite commercially pure material, like a 
40,000 level, will be up over 100,000 down to —300°F. 
The person who asked the question may really be in- 
terested in commercially pure material since it is 
both quite strong and ductile at low temperatures like 

300°F 

Chairman Schapiro: He mentioned alloys 

W. L. Finlay: The point I want to make is that his 
needs at 300°F might well be served by high com 
mercial purity because they are very strong at this 
temperature and have adequate ductility 

Chairman Schapiro: What are his needs? 

B. S. Mesick (Arthur D. Little, Inc.): I don’t recall 
specifically what the temperature was but it was some- 
where in the order of —300°F at which Mr. Driscoll in 
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the physical testing laboratory at Watertown did make 
some measurements. He reported that it has very low 
ductility at that low temperature. You get high 
strength levels but very low ductility—it is quite 
brittge 

R#. Jaffee: In talking about low interstitial content 
materials, the low temperature ductility in the un 
notched condition of all alpha materials is excellent 
and that of alpha-beta would be somewhat less be 
cause beta suffers from a low temperature embrittle- 
ment. The alpha-beta alloys would vary from alloy to 
alloy with respect to their low temperature brittleness 

We personally have seen ductilities in both alpha 
betas and all alphas at —300°F, which are quite sub- 
stantial 

H. Margolin: | would confirm that with some work 
we did in unalloyed titanium. We have gotten reduc- 
tions in area of 83 pet at liquid nitrogen temperature, 
elongation in | in. of 83 pet 

What estimates can be made of the future 
price of titanium? 

D. W. Kaufmann: The problem of price depends en 
tirely on the question of whether there are new proc- 
esses developed. There is, we believe, considerable 
milk give in the price of the Kroll process sponge. We 
feel that the price of sponge made by that method can 
come down and will come down in the next two or 
three years, as it has in the past year or so. How far 
that can go will probably depend on whether it will 
come down to $2, or thereabouts, I can't say, but that 
is probably a pretty good bottom for that 

Is titanium alloy wire with 10 to 15 pet 
elongation and 180,000 to 200,000 tensile 
strength feasible? Is anything approaching 
this in development or production? 

Vv. W. Whitmer: We have never produced any wire 
with figures like that 

L. 8S. Busch: What are the figures again? 

Chairman Schapiro: Ten to 15 pct elongation and 
180,000 to 200,000 tensile strength. Do you want to 
answer it by saying that you can get that tensile 
strength in the wire but you are not going to be any 
where near 10 pet elongation? Shall we say 2 pet? 

L. 8S. Busch: In isolated instances we have actually 
seen properties like those asked about 
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Does titanium have any potential applica- 
tion in nuclear fields, either in processing 
or as a product? 

L. 8. Busch: It is my impression—and believe me, 
this is strictly an impression—that in reactors as they 
are presently known titaniurn has somewhat limited 
application, and this is primarily in control 

D. J. McPherson: There should be no reason at all 
why there wouldn't be a very great application for 
titanium in the nuclear field as we go to fast reactors, 
where its cross-section does not mitigate against its 
use. Corrosion resistance is certainly one of the very 
big factors in the nuclear field and titanium would ex 
cel here. It is simply a matter, in current thermal 
reactors, of knowing whether the cross-section is too 
high. In fast reactors or intermediate reactors, yes, I 
think there is a big field for titanium 

Is double melting becoming the standard 
method of ingot production? 

L. 8. Busch: Three of us say yes 


TITANIUM SYMPOSIUM 
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Status of Titanium 


A’ the moment, the largest part of titanium mill 
production is going into jet engines, and, in 
particular, into the air compressor rotors. In this 
application the oxidation resistance of titanium Is 
a distinct advantage and the reduced stresses due to 
lower specific gravity, give titanium an added ad- 
vantage relative to steel. For these reasons extreme 
strength is not necessary to give titanium a consid- 
erable advantage relative to steel in a rotating part 

In extending use of titanium to the nonrotating 
parts of jet engines, it loses the advantage, relative 
to steel, of reduced stress due to its lower specific 
gravity. Oxidation resistance is also likely to be a 
less important factor. Accordingly, use of titanium 
for such parts as bearing supports, casings, fittings, 
etec., must compete on a direct strength-weight ratio 
basis with alternate materials 

In comparing titanium materials available today 
with other materials, it should be kept in mind that 
titanium is now used in annealed conditions, whereas 
other high strength materials are generally heat 
treated. As is well known, titanium alloys can be 
greatly strengthened by heat treatment and use of 
heat treatment in military applications only awaits 
further research and experience. The fact that an- 
nealed titanium alloys today, in many applications, 
show a weight advantage over heat treated alloys 
of aluminum or iron, coupled with the great prob- 
ability that satisfactory heat treating alloys and 
procedures will be developed, forms perhaps the 
soundest basis for faith in the future of titanium 

All who have had wide experience in fabricating 
titanium are coming to the conclusion that more 
drastic departures from conventional methods are 
warranted with titanium. The reason is simply a 
matter of economics. With conventional materials 
the cost of the raw material is usually a minor part 
of the cost of the finished piece. Accordingly, ratios 
of raw materials weight to finished part weight of 
from 3 to 1 to as high as 10 to 1 are common in jet 
engine components 

With titanium at $15 a lb, we cannot afford to 
make 5 lb of scrap for every pound of material in 
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What is the estimated time before skull 
melting becomes feasible? 

V. W. Whitmer: We do feel that skull melting has a 
very definite place in the future—the sooner the better 

-but it doesn’t look as though it is going to be tomor- 
row or next day by a long shot 

Will skull melting replace present methods 
of melting? 

Vv. W. Whitmer: We are looking into the distant 
future, again, to skull melting producing ingots the 
same as we produce steel today. Castings will also be 
in the field but as to the time when that will come, we 
cannot predict. There are lots and lots of problems to 
be worked out 

Chairman Schapiro: The next session will discuss the 
present status of the fabrication and use of titanium. It 
will be presented not by a user but rather the result 
more or less of a national survey conducted by the 
military services 


Fabrication and Use 


J. H. Garrett is Chairman of the Titanium 
Steering Committee in the Dept. of Defense. He 
has been educated in mechanical engineering at 
Cornell and while connected with the govern- 
ment in various agencies, his work has all been 
related to materials 


the finished part. It would be worthwhile, there- 
fore, to devise special means of fabricating titanium 
which might be very expensive in terms of capital 
investment in tools, if appreciable reductions in 
scrap percentage would result 

I hesitate to say that titanium will always be a 
high priced material, because of the enormous in- 
genuity of American industry when it comes to cut- 
ting costs. However, as it now appears, titanium 
products are likely to remain considerably more 
expensive than competing aluminum or stainless 
steel alloys, because of the relatively costly mate 
rials and large plant investment required for extrac- 
tion of titanium from its ores, and the need for 
extreme measures to prevent contamination during 
all stages of processing. 

In the relatively near future perhaps three years 
from now, it seems likely that an average mill price 
of around $5 a lb, compared to $12 or $13 today, 
will become a reality. In order to accomplish this, 
two things are necessary. The sponge price must 
come down to around $2 a lb and the consumption 
must rise to several times the present level, so that 
the overhead burden per pound of production will 
be substantially reduced. I believe both of these 
things can happen within three years. There is good 
evidence that a sponge production plant of reason- 
able size could be built with present knowledge 
which could produce sponge at a cost somewhat less 
than $2. There is also evidence that consumption of 
mill products three years from now will be several 
times the current rate 

Looking into the somewhat more distant future, 
there seems to be a good chance of reaching Pro- 
fessor Kellogg's forecast of mill products at an aver- 
age of around $2 a lb 


J 


While we have not made an intensive study of 
the ultimate usage of titanium in jet engines, it 
seems probable that much greater use will be made 
in alr frame construction than in engines. If for no 
other reason, this would follow from the fact that in 
most airplanes the engines weigh only one fifth, or 
less, as much as the air frame 

In an effort to develop guidance for the direction 
of research on titanium for air frame use, the Tita- 
nium Metallurgical Laboratory at Battelle Memorial 
Institute has made a number of studies of the prop- 
erties required in air frame materials, and the way 
in which a designer makes a selection from among 
alternate materials. Two of the reports on this gen- 
eral subject are The Use of Titanium Alloy Sheet in 
Air Frame Components (TML Report No. 5) and 
The Selection of Materials for High Temperature 
Applications in Air Frames (TML Report No. 13) 

In designing a military aircraft or missile the 
main idea is to obtain the smallest and lightest 
machine that will do the job required. By job re- 
quired I mean carry the required military load, with 
the optimum combination of speed and range. Light 
weight not only leads to economy in construction, 
operating and maintenance costs, but also generally 
improves performance, because with a given engine 
and fuel load a light airplane will go further, faster 
and higher than a heavy one. It is, therefore, of 
prime importance to select the lightest material, as 
determined by stress conditions, for each part of the 
air frame 

When we compare the strength of two materials 
our first inclination is to compare the ultimate tensile 
strength in relation to density of the two materials 
A more sophisticated approach is necessary in the 
special case of air frame design. It has been esti- 
mated that from 60 to 95 pct of air frame com- 
ponents carry a compression load. It is, therefore, 
generally the compression, rather than tension prop- 
erties of the material which are significant. 

Further than this. some parts are short and thick, 
where failure would occur at the compression yield 
strength of the material, and others are long and 
slender, where failure would be at some stress below 
the yield and would be due to distortion from lack 
of stiffness 

In comparing alternate materials for the first type 
of structure the compressive yield strengths are the 
significant properties. In the second type of struc- 
ture a column formula must be used 

From this you will see that there is no simple way 
of comparing, from ordinary mechanical property 
data, different materials for air frame construction 
To get a factual comparison it is necessary to make 
detailed stress calculations for the particular parts 
concerned, and even this may not give the true 
answer, since all stress calculations for complicated 
shapes require certain assumptions to be made. The 
true answer may be obtainable only by constructing 
and testing components of the alternate materials 

However, certain generalizations may be made 
which will show which way the wind is blowing 
While it is difficult to measure compressive yield 
strengths, particularly with thin sheet or at elevated 
temperature, when dependable values can be ob- 
tained direct comparisons of the compressive yield/ 
density values of various materials can be made. 
Using such data as were available, Battelle con- 
structed charts (TML Report No. 13) which showed 
that the annealed titanium 8 pct Mn sheet alloy and 
heat treated 17-7 pH stainless are about equal in 


compression yield/density ratio from room tempera- 
ture to 800°F. Below about 350°F the titanium was 
a little stronger and above 350°F the steel was a 

tule onger. For this type of loading, the titanium 
alloy was stronger at all temperatures than 7075S-T6 
aluminum. On the same chart C-130 AM (4 pet Al 
4 pet Mn) titanium is stronger at all temperatures 
up to 800°F than the 17-7 pH steel. If data had been 
available on a heat treated titanium alloy it would 
undoubtedly have been very much stronger than 
the other materials 

In other charts, comparisons based on representa 
tive column formulas are used. On these charts the 
annealed titanium alloys are stronger than any of 
the other materials under certain conditions of load- 
ing and in certain temperature ranges 

What this all boils down to is this: We can say 
with a fair degree of certainty that there is a weight 
advantage in the use of alloy titanium in the strength 
ranges available today in some parts of almost any 
airplane. As improved alloys are made commercially 
available the range of application of titanium will 
necessarily become broader 

Up to this point I have discussed only the poten- 
tial weight advantages of titanium, Other factors 
which must be considered by the aircraft designe! 
are stability of properties with time at temperature, 
fatigue properties, and corrosion, along with numer- 
ous other mechanical and physical properties. An- 
other group of factors which are particularly appli- 
cable to titanium at present might be classed as 
economic factors. These include availability and 
dependability, and cost 

Because of the very large number of factors, the 
lack of complete and accurate data on some of the 
factors, and the different weight assigned to the 
various factors in the engineering departments and 
management of different companies, it is impossible 
to form any accurate idea of the future market fo! 
titanium in air frames. About all we can say with 
confidence is that it will be larger than at present 


The Role of Government 

There are three or four independent agencies of 
the government concerned in one way or another 
with titanium development. These are the U. S 
Bureau of Mines, the Emergency Procurement Serv- 
ice of the General Services Administration, the 
Business and Defense Services Administration of 
the Dept. of Commerce, and the Dept. of Defense 
and its component the Army, Navy, and Air Force 
The Office of Defense Mobilization coordinates the 
inter relationships of these independent agencies, 
and the Office of the Secretary of Defense coordinates 
the internal activities of the various components of 
the Dept. of Defense 

Two coordinating committees have been estab- 
lished to sponsor and coordinate government tita- 
nium activities 

The first is the Titanium Advisory Committee 
established by the Office of Defense Mobilization, 
under the able chairmanship of Professor Kellogg. At 
its inception this committee consisted of two mem- 
bers in addition to the chairman—Felix Wormser, 
Assistant Secretary of the Interior, and Albert 
Phillips, vice president of American Smelting & 
Refining Co. At this stage the committee devoted 
almost its entire attention to the sponge capacity 
expansion program of the General Services Admin- 
istration. More recently the need of closer coordina- 
tion of the titanium activities of GSA on the one 
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hand, and the Dept. of Defense on the other, led to 
designation of three members, from that depart- 
ment. These are the Assistant Secretary of Defense 
for Research and Development (now vacant), the 
Assistant Secretary of Defense for Supply and Logis- 
tics (Thomas P. Pike) and the Assistant Secretary 
of the Air Force for Materie| (formerly Roger Lewis, 
and at present Dudley C. Sharp). The function of 
the committee is officially to advise the Director of 
Defense Mobilization, but a great deal of informal 
inter-agency coordination is also accomplished 

The other committee is the Dept. of Defense Steer- 
ing Group on Titanium Research and Development, 
of which I am chairman. The membership of this 
committee is drawn from the three military depart- 
ments and the offices of the three Assistant Secre- 
taries of Defense concerned with materials. The 
primary function of this group is executive rather: 
than advisory. It is responsible for organizing the 
work on research, development and application of 
titanium, and monitoring the activities of the Army, 
Navy and Air Force in carrying out the program 

The Group has been active for just about a year 
The first job tackled was a coordinated review of 
the research and development programs of the 
Services to see if there were areas where more 
progress might be made if added support were made 
available. A list of additional work amounting to 
something over $4 million resulted. Funds were 


transferred to the Services to permit them to under- 
take about 40 pet of this work, with the remainder 
to be deferred until an independent and more de- 
tailed review could be made by the then newly 
established Titanium Metallurgical Laboratory. The 
first phase of this review has now been completed 
and the Steering Group is looking into means of 


implementing the recommendations 

In reviewing the status of titanium during the 
early period of Steering Group activities, one of the 
chief obstacles to increased use was found to be the 
lack of titanium alloy sheet with adequate and uni- 
form qualities. It appeared to the Steering Group 
that two main avenues of attack on this problem 
were open—improvement of melting methods to 
permit production of sheet with more closely con- 
trolled and more homogeneous composition, and 
acceleration of the development to commercial scale 
production of improved alloy composition 

One logical approach to the melting problem is to 
devise a means of holding a large body of titanium 
in a molten state to improve homogeneity, and per- 
haps to permit analysis and adjustment of the chemi - 
cal composition. Support has been given through 
Watertown Arsenal to one development along this 
line and various companies are known to have de- 
velopments in progress without government support 
The Steering Group would like to see more progress 
in this direction 

The second approach sponsored by the Steering 
Group is the alloy sheet rolling program. The Group 
is sponsoring a large scale effort to accelerate the 


conversion of improved sheet alloys from laboratory 
scale production to full commercial scale produc- 
tion. This program is being coordinated by the Navy 
Bureau of Aeronautics, with participation from the 
Air Force agencies concerned. Under this program 
a number of promising alloys will be selected and 
contracts made with each of the major titanium pro 
ducers with the object of developing the ability to 
uniformly meet high specifications on a commercial 
scale. Complete design data will be secured on the 
various products of this program, and arrangements 
will be made with aircraft and engine companies to 
obtain fabrication and service experience 


Fasteners and the Future 

Recently a critical look has been taken by the 
Titanium Metallurgical Laboratory at the possibili- 
ties of titanium as an aircraft fastener material. The 
report No. 11, which many of you have undoubtedly 
seen, indicates the steps which need to be taken if 
more rapid development of fasteners is required 
These recommendations are now under considera- 
tion by the Steering Group 

Several major problems remain for future consid- 
eration by the Steering Group, and at other levels 
within the Government, to see if expanded govern- 
ment support, or specific government activity, i 
warranted. Among these are, first, extension of the 
alloy sheet rolling program to include bar, rod, ex- 
trusion and forgings; second, provision of specialized 
titanium fabrication facilities; third, encouragement 
of greater use of titanium in useful military appli- 
cations in ground and sea equipment; and fourth, 
means of accelerating reduction in the present high 
cost of titanium products. 

You may have noticed that the word accelerate 
has appeared frequently in this description of the 
Government titanium program. This word is the key 
to the whole Government policy on titanium. Our 
very large military research and development pro- 
gram is based on the premise that we will depend, 
for military effectiveness, on superior equipment, 
rather than on large numbers of men. Our equip- 
ment must always be at least one jump ahead of 
that of any potential enemy. To be successful in this 
endeavor we must do the pioneering. We cannot be 
content to sit back in any field of science or engi- 
neering and copy what other countries develop. It 
also means that new developments, and particularly 
those which will markedly affect the performance 
of military equipment, must proceed at the fastest 
practicable rate. The technological “state of the art” 
has a way of being about the same at any given time 
in every technically progressive country, so that we 
must assume that other countries have about the 
same ability to achieve scientific progress that we 
have in this country. The only way to have any 
reasonable assurance of staying out in front is to 
press very hard those programs which show real 
promise. We feel titanium is one of those programs 


In saving | lb on an aircraft component by 
the use of titanium, what is the overall 
weight reduction in the airplane? I under- 
stand it is possible to reduce the size of 
wing structure by reducing the weight of 
any given component. I was wondering if 
you may be able to say how much weight 
could be saved in the wing structure 
L. W. Herway: There have been numerous esti- 
mates made of the amount of weight saved by using 
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titanium. There have been estimates that in the pri- 
mary structure where you save | lb you can save 
overall 10 Ib. I think probably the average would be 
somewhere about | to 6, somewhere in that order. Each 
component would have to be considered on its own 
merits, but I think, in general, all the way from 5 to 
10 lb, something like that 

What percentage of titanium production is 

used in the air frame vs the engine pro 

gram? 


L. W. Herway: In the immediate future, the greatest 
quantity usage of titanium in the Air Force will be in 
jet engine components. Looking a little further into 
the future, it is possible that the air frame applications 
might increase significantly, particularly if the prop- 
erties of the alloy sheet materials improve to the ex- 
tent hoped for in the sheet rolling program mentioned 
by Mr. Garrett 

Can you explain in some detail the pro- 
posed and actual part the Titanium Metal- 
lurgical Laboratory will, does, or should 
play in the role of titanium in defense? 

J. H. Garrett: The original concept of the Titanium 
Metallurgical Laboratory grew out of the feeling that 
in the titanium business we did not have any single 
place that industry could go to get help on their tech- 
nical problems on titanium, such as there was all 
through the early days of the aluminum business. We 
made a survey of all of the possible laboratories in the 
country and came to the conclusion that Battelle was 
best equipped in the size and qualifications of their 
personnel to handle this function of any organization 
in the country. 

The first and primary function, perhaps, is one of 
offering consulting service to industry. This is paid for 
by the Government. It doesn’t cost industry anything 
but when they have difficulties with titanium that 
metallurgical knowledge can help overcome, they are 
free to call upon the Battelle organization for such 
assistance as Battelle is able to give them 

A second function of the Battelle laboratory is to 
advise the Defense Dept., and specifically the Steering 
Group, on the scope of its titanium program 

Another responsibility of the Battelle organization is 
to collect and analyze and disseminate information on 
the present state of the art in various fields of tita- 
nium technology. 

Then they have taken the whole field of titanium 
technology and divided it into some 20 subdivisions, 
more or less, and they are preparing periodical sum- 
maries of the present state of progress in each of those 
divisions. These reports are available to anybody in the 
country who has a reasonable interest in titanium 
technology. 

Why doesn’t the Government stockpile 
usable forms of titanium and its alloys to 
help production and lower costs of mill 
items? 

J. H. Garrett: It has been realized right along that 
simply stockpiling sponge isn’t going to help all of the 
divisions of the titanium industry, because many of the 
problems, perhaps most of the problems, occur in sub- 
sequent stages of fabrication. However, the rate of 
progress on titanium fabrication and alloy develop- 
ment, and so on, is so rapid that it seemed to those 
who considered this question that probably most of any 
metal that was stockpiled in solid form would become 
obsolete and never be used; that coupled with the cost 
of getting metal in this form. Instead of costing $4 a 
lb as our titanium sponge is costing, if we had gone 
ahead and stockpiled in a mill product form with an 
average cost of $12 or $15 a lb, the cost of the titanium 
stockpile would have skyrocketed to an unreasonable 
degree. These two factors, the probable uselessness of 
the product plus the high cost led the Government to 
decide not to take the stockpile beyond the sponge 
stage 


What steps are being taken by Govern- 
ment or other agencies to provide rolling 
mill equipment to produce sheet in sizes 
comparable to aluminum sheet, and facili 
ties to provide this sheet in the heat treated 
and flattened condition? 


J. H. Garrett: The Government policy on facilities, 
up until now, has been that these should be provided by 
the titanium industry and not by the Government 
However, there have been some applications for direct 
Government assistatice in providing facilities received 


The Panclists on Fabrication and Use 


L. W. Herway is an Air Force representative on 
the Steering Committee, and has been in the Air 
Force for 13 years and is a graduate of Temple 
University in Business Administration 


Julius J. Harwood, a Navy representative on 
the Steering Committee, has been in the Navy 
for 14 years and with ONR, the naval research 
organization, for the last nine. He is a graduate 
of the College of the City of New York with a 
master’s degree from the University of Maryland 


Norman L. Reed has been with Watertown Ar- 
senal for 26 years and has been working in the 
field of metals for about 30 years. He graduated 
as a chemical engineer from Tufts College 


Connie Voldrich is the only one of the panel 
who is not a member of the Steering Committee, 
but he works for the Steering Committee in the 
affairs of the Titanium Metallurgical Laboratory 
at Battelle. He has been -in this work for two 
years, has been with Battelle for 14, and has been 
practicing metallurgy in one form or another to 
a large extent for about 24 years. He is a grad- 
uate in civil engineering from Purdue, with a 
master’s degree in structural engineering from 
the University of Wisconsin 


during the past several months, and to get expert ad- 
vice in this field we asked the Materials Advisory Board 
of the National Academy of Sciences to put together 
an expert panel and survey the entire field of titanium 
fabrication and write us an advisory report showing 
what they thought the Government might do in this 
field. This study is now underway and we aren't going 
to adopt any policy until we get that study and see 
what they advise doing 

Please explain the role titanium is ex- 

pected to play in ordnance applications. 

N. L. Reed: The Army has given first consideration 
to the manufacture of prototype components of ord- 
nance which are to be handled by the foot soldier. In 
that respect a number of prototypes have been made, 
none of them are in production to any extent because 
of the present cost of titanium 

The other major field, of course, is in ordnance 
equipment of all types, which must be airborne. This 
is a very large field of endeavor, and there has been 
considerable thinking along this line 

We have the same kind of question with 
regard to Navy applications for other than 
the Bu-Air requirements 


J. J. Harwood: Navy requirements for materials in 
general encompass the requirements of both the Air 
Force and the Army, with the additional critical re- 
quirement of corrosion resistance. Our Navy Air Arm 
requirements are, of course, quite similar to those of 
the Air Force 

The other major proposed applications for titanium 
and its alloys in Navy equipment would be for ship- 
board components where we would like to make use of 
the excellent corrosion resistance of titanium 

In discussing the price picture of titanium, particu- 
larly for shipboard components, one should not over 
look the potentialities of powdered metallurgy as a 
processing technique. Along these lines, the Bureau 
of Mines tested a number of components for salt water 
systems, such as valves, and have placed a pilot pro 
duction order 

The initial exploratory tests look very promising and 
by making such parts by powder metallurgy tech- 
niques, we think they may compete quite favorably 
with the highly alloyed nonferrous materials now 
used in such applications 
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Can a nongovernment contractor or sub- 
contractor obtain consultant services from 
the Titanium Metallurgical Laboratory? 

J. H. Garrett: If it involves any appreciable expendi 
ture of effort on the part of the Laboratory it is neces- 
sary to show some sort of relationship with the defense 
program; that is, the company doesn’t have to be a 
prime contractor, it can be a 
ment contractor, but there does need to be a relation 
ship to the defense program 

So far as simply visiting the Battelle laboratory and 
discussing your problem with the personnel there, 
there aren't any strings attached to that 

What kind of research will be conducted 
by the Titanium Metallurgical Laboratory 
and how will this affect other research pro 
grams? 

J. H. Garrett: The Battelle laboratory is not intended 
to carry any appreciable part of the research program. 
There was thinking that it will do short range jobs, 
jobs which are relatively small in scope and won't take 
too long to complete, and which would not justify go- 
ing to one of the services for a regular research and 
development contract. Generally speaking, the re- 
search and development program sponsored by the 
Government will be carried on as before by contracts 
administered by the several services 

Is Russia producing titanium or have they 
announced any activity in this respect? 

J. J. Harwood: There have appeared during the last 
year in a variety of Russian publications a number of 
articles dealing with the potentialities, and the possible 
applications of titanium, and with some research on 
titanium alloys. The Henry Brutcher Co. of California 
has prepared a number of translations of these articles 
What is the Government policy on contract 
dispersal for Ti fabrication to small busi- 
ness? There was a considerable amount of 
discussion in so far as the dispersal of work 
was concerned on the West Coast. Pri- 
marily, at the present time the major air- 
craft companies are doing the work in tita- 
nium fabrication. 


L. W. Herway: Air 


supplier to a Govern- 


Force projects devoted specifi 
cally to titanium development and improvement of 
manufacturing know how are administered by two 
commands within the Air Force, the Air Research and 
Development Command and the Air Materiel Com 
mand. The Air Research and Development Command 
is primarily concerned with the quality improvement 
of the material with the ultimate consideration of 
obtaining material suitable for incorporation in Air 
Force equipment. Projects sponsored by ARDC are 
with various non profit and industrial organizations 
depending upon the type of work to be undertaken 
The titanium programs administered by the Air Ma 
teriel Command are primarily for the purpose of ad 
vancing the manufacturing knowledge, particularly in 
the forming, welding, machining, etc. The end purpose 
is to improve manufacturing efficiency with a resultant 
savings to the Air Force. These projects are undertaken 
by various industrial organizations and are tailored 
primarily to the needs of the air frame and engine 
manufacturers with whom the Air Force has produc 
tion contracts for air frames and engines 

The question as posed has an implication of dispersal 
of contracts from areas that might be considered po 
tentially vulnerable. There is no special criteria with re 
spect to Air Force sponsored titanium projects as such 

N. L. Reed. Perhaps I can add a little bit of the Ord- 
nance policy on that. As early as October 1952, when 
Colonel Mesick was our Commanding Officer, we had 
at Watertown Arsenal about 1000 representatives of 
industry to learn as much as was then available on 
titanium technology. Almost every bit of information 
gathered by the Ordnance Corps has been unclassified 
It has been available for discussion, it has been pre- 
sented at technical discussion sessions and it is cur 
rently the policy of the Ordnance Corps, whenever 


34—JOURNAL OF METALS, JANUARY 1956 


procurement of titanium items is needed, to solicit bid: 


on @ competitive basis 
Do you consider present melting capacity 
adequate in relation to sponge capacity now 
producing and now under construction? 

J. H. Garrett: I am not sure I know the answer to 
that one. The question of capacity is watched much 
more closely by the GSA, the Business and Defense 
Service Administration and ODM, than it is by the 
Defense Dept., as far as day-to-day capacity is con- 
cerned. I think that for the present level of production 
it is probably adequate. The place we might get into 
trouble would be if there was a rather sudden increase 
to two or three times our present level of production. I 
believe additional capacity can be installed in some- 
thing like eight months so that if we can foresee ex- 
pansion of demand as much as eight or ten months 
ahead, then the industry ought to be able to produce 
the necessary melting capacity 

What are the alloys that will be selected 
for the sheet rolling program? 

C. B. Voldrich: Briefly, the alloys now being con- 
sidered are (1) Ti with 2 pct Al, 6 pet Mo; (2) Ti with 
4% pct Al, 3 pet Mo, | pet V; and (3) an all beta alloy 
whose composition has not yet been disclosed. 

May I add one more thing? A smaller scale program 
might be initiated for scaling up at least one alloy to 
the production ingot level. The alloy now under con- 
sideration is 4 Al-2 V-1 Mo and 1 C1 

When will alloy sheet be available that will 
meet aircraft flatness and gage tolerance 
requirements’ 

L. S. Busch: The flatness problem is, as the ques- 
tioner certainly knows, a rough one. I believe that we 
are coming mighty close to it today. Now, there are 
various ideas of what flatness means, too. It is a diffi- 
cult thing to describe but, frankly, I am of the opinion 
that we are pretty darned close to where we ought to 
be right today. Maybe we are not where the asker 
wants us to be but according to the specs, we are pretty 
close. So far as gage is concerned, I presume you mean 
thickness tolerances, and so far as I know all the pro- 
ducers are making sheet to the thickness tolerances 
required by the specifications 

Could we push the question to a point 
further and ask when the alloy sheets are 
going to get thin enough to be perhaps 
more useful, perhaps even 0.050 or perhaps 
thinner than that? 

L. S. Busch: There have been literally tons and tons 
of alloy sheets produced at 0.025. What alloy are you 
referring to? 

How about the all alpha material? 

D. W. Kaufmann: The minimum gage on the all 
alpha is the same as on the other alloy sheets, namely, 
0.025 thick is the thinnest that we go to, and that is 
regularly available 

What is the current Government policy on 
release grants to small business for tita- 
nium fabrication techniques as regards air 


frame components’ 
J. H. Garrett: I don’t think the policy is any different 
for titanium than it is for any other research and de- 
program in regard to singling out small 
business. So far as our group is concerned, this has 
not been a consideration. Our thoughts have been how 
best to get the job done rather than who is to do it 
J. J. Harwood: I would say that all proposals for re- 
search and development work, regardless of whether 
they come from industry, nonprofit laboratories, or 
academic institutions, are evaluated solely on their 
technical merits as the first criterion. Other factors 
come into the picture but if it is a technically sound 
proposal it will receive all the consideration it de- 
serves. I think we ought to emphasize again that there 
are, in general, no special Government policies in rela- 
tion to research and development on titanium. Tita- 
nium is only one material that can fill a certain job 
Other materials are receiving equal consideration— 


velopment 
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possibly not equal financial consideration but equal 
technical consideration 
The aircraft industry badly needs titanium 
alloyed tubing. What is the present or 
future availability? 

W. Minkler (Titanium Metals Corp. of America): We 
are working on a tube program, and have shipped a 
fair quantity of commercially pure tubing and are now 
starting out in 6 Al-4 V tubing. The problem in the 
alloy tubing is not in the extrusion of the tube rounds; 
rather it is a problem more of redrawing, either tube re- 
ducing or redrawing on a draw bench. That is our major 
problem area. It is a particularly gross one but it is 
one that is going to take more work than we have done 
I would say we are somewhere between six months 
and a year away from alloyed titanium tubing, in any 
quantity 

Would it be at the stage where annealing 
more often would help? 

W. Minkler: No, I think it is going to require higher 
draw temperatures. Instead of drawing at room tem- 
peratures we are going to elevated draw temperatures 

What economic advantages, if any, would 
be expected by hot rolling of titanium alloy 
rings and compressor wheels as opposed to 
conventional drop forging? 

G. Wile (General Electric Co.): We have done a little 
bit of work on hot rolling titanium alloy compressor 
wheels using the slick mill facilities at Bethlehem. We 
are not really in a position yet to evaluate the econom- 
ics of this process but the characteristics of it would 
indicate that wheels made this way should be quite in- 
expensive. The process is extremely fast. With just one 
heating of the titanium billet you can form a compres- 
sor alloy wheel in about 45 sec. However, the equip- 
ment as it is now designed does not permit us to get 


very good utilization of the material. Unless we could 
redesign the equipment to get better material utiliza- 
tion, there would not be a great cost advantage over, 
say, press forgings. 

Chairman Schapiro: Does your use of the words 
“material utilization” mean scrap loss? 

G. Wile: I would use the term “material utilization” 
to mean a ratio of the weight of the finished part com- 
pared to the weight of raw material required. If the 
rolling mill can size the forging close to finished shape, 
then obviously we would save quite a bit of money by 
reducing scrap loss 

Recent short-time rupture data obtained by 
Battelle show rapid dropoff in ultimates 
and yield between 1000° and 1200°F. Is any 
effort being made toward developing a tita- 
nium alloy which will permit its use above 
1200°F—short-time use such as firewalls? 

R. L. Jaffee (Battelle Memorial Institute): I think the 
present target aim for high temperature titanium alloys 
for the jet engine is 1000° to 1200°F, and to my know!l- 
edge there is no work being done aimed at tempera- 
tures significantly higher than 1200°F, nor in my 
opinion is there much likelihood of a successful devel- 
opment at such temperatures 

What is the smallest cross-section of ex- 
truded solid bar titanium that is being 
used? Have we gotten down as low as '4 
or * diam? 

Ward Minkler: About the smallest we have ex- 
truded is a 1 in. diam, but that is a function of the 
minimum extrusion ratio we can maintain at present. 
I think Battelle has a program on that 

Paul D. Frost (Battelle Memorial Institute): I am sure 
we haven't extruded anything smaller than % in. 

Mr. Dodds: We have extruded 15-ft lengths of “% in. 


TITANI|UM SYMPOSIUM 


Background for Practical Heat Treatment 


of Various Titanium Alloy Types 


ARDENING reactions known to take place in 
titanium alloys have some parallels to those for 
aluminum and steel. And, an understanding of the 
principles of heat treating for titanium alloys,’* is 
more easily obtained in the light of a review of the 
heat treatment procedures used for those two metals. 
It will be recalled, Fig. 1, that the heat treatable 
aluminum alloys can dissolve more magnesium, cos- 
per, or zinc at solution temperatures than at room 
temperature. Such alloys are heat treated by quench- 
ing rapidly from the solution temperature and sub- 
sequently aging at room or slightly elevated tem- 
peratures. This treatment strengthens the alloy by 
producing a very fine dispersion of intermetallic 
compounds in the aluminum matrix. Softening or 
annealing is accomplished by cooling slowly from 
the solution temperature or by holding at inter- 
mediate temperatures. In annealing, the disperse 
phase grows beyond the critical size that produces 
hardening, and agglomerates into coarse particles. 
In the case of low alloy carbon steels, the heat 
treatment is complicated by a phase transformation, 
at the critical temperatures. However, hardening de- 
pends on the ability of face-centered-cubic gamma 
iron (austenite) to dissolve more carbon than body- 
centered-cubic alpha iron (ferrite). The relative 
solubility of carbon in these phases is shown by the 
iron-carbon phase diagram in Fig. 2. Quenching 


Paul D. Frost has been at Battelle Memorial 
Institute for the past nine years and has been 
connected with their titanium activities approxi- 
mately since they started. He has been practicing 
metallurgy for 16 years in the various activities 
since graduating as a metallurgical engineer from 
Rensselaer Polytechnic Institute. 


from the austenitizing region produces martensite, a 
hard, brittle, supersaturated solid solution of carbon 
in a strained lattice. In tempering, the carbon pre- 
cipitates to form a fine dispersion of carbide in fer- 
rite. Tempering at high temperatures causes sphe- 
roidization of the carbides and consequent soften- 
ing. A soft structure may also be ccomaae by an- 
nealing at temperatures just within the austenite 
region and slow cooling. Thus, the strength and 
hardness of steel are controlled by the size and state 
of dispersion of the carbide phase. 

The heat treatment of titanium is similar, in some 
respects, to those just described, In Fig. 3, it may be 
seen that pure titanium undergoes a transition at 
about 1625°F. The low temperature phase is a, a 
hexagonal-close-packed lattice; the high-tempera- 
ture phase is body-centered-cubic f. As in steel, 
a martensitic transformation occurs during the 
quenching of lean titanium alloys. The product of 
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this transformation is called a’ (8 a’); it is hexa- 
gonal and differs only slightly in lattice parameter 
from a. Unlike steel, martensitic titanium is soft and 
ductile. 

In order to strengthen titanium through heat 
treatment, appreciable amounts of one or more ele- 
ments such as iron, chromium, manganese, molyb- 
denum, or vanadium are added. These suppress the 
martensite reaction (lower the M, temperature) and 
permit £ to be retained during fast cooling. Subse- 
quent partial decomposition of the beta by aging at 
temperatures below about 1000°F produces a fine 
dispersion of a, presumably by a nucleation and 
growth reaction. As in aluminum and steel, the 
aging temperature and time determine the size of 
the precipitate and, hence, the strength of the alloy. 
Thus, to strengthen the Ti-8X* alloy depicted in 
Fig. 3, the following steps would be employed: 

1) Solution treat in the a-f field 

2) Quench to retain the 8 formed during solu- 

tion treatment 

3) Age at 890 to 1000°F to reprecipitate a fine a 

dispersion. 
The cross-hatched area in Fig. 3 corresponds to the 
approximate eutectoid temperature ranges for 
Ti-Mn, Ti-Fe, and Ti-Cr alloys. The eutectoid re- 
action does not occur in Ti-Mo and Ti-V alloys, and 
is so sluggish in Ti-Mn alloys that it need not be 
considered in practical heat treatments. For practi- 
cross-hatched area represents 


cal purposes, the 
general, too low for 


temperatures which are, in 
effective solution treatment and too high for stress- 
relieving treatments. This will be discussed later 
when £ stability is considered 

Although the heat treating procedure described 
above is a precipitation hardening cycle, the mech- 
anism of hardening differs from that associated with 
aluminum alloys in that the disperse phase, a, is not 
an intermetallic compound. Furthermore, optimum 
properties are obtained in the overaged condition, in 
which the a dispersion is well developed. In alumi- 
num alloys, aging is generally not carried out be- 
yond maximum hardness, The hardening mechanism 
in titanium differs from that in steel because the 
former is believed to be a nucleation and growth 
process and does not depend on the formation of 
martensite. From these standpoints, titanium alloys 
behave somewhat like aluminum and somewhat like 
steel but not quite like either one 

The heat treatment of titanium alloys must be ap- 
proached with caution because certain metallurgical 
problems are created which are peculiar to titanium. 
As a result of recent publications,’ many titanium 
fabricators are quite conscious of the term “omega 
embrittlement.” The following pages describe, rather 
briefly, the characteristics of this phase. 

Omega is a transition phase which forms at tem- 
peratures below about 1000°F when the retained, 
unstable 8 decomposes to a: 

The formation of » in the 8 matrix is accomplished 
by maximum hardness and severe embrittlement. 
Ductility is not restored until the alloy is actually 
overaged, at which time omega is nearly completely 
replaced by alpha. Correlated effects of aging on the 
hardness, resistivity, and phases present in a Ti-8Cr 
alloy, quenched from the £ field, are shown in Fig. 
4.° Here, aging has been carried out until 8 and 
have disappeared and TiCr, has begun to precipitate. 
Mn, Cr, Fe, Mo, or V 


* Where X 
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The symbols £, and f, represent beta of reduced 
and ultimate lattice parameter, corresponding to the 
alloy content of the 8 phase. As w and a are rejected, 
enrichment of the § phase occurs; this enrichment 
process terminates with the nucleation of the com- 
pound. A similar aging sequence is shown for a 
Ti-4Fe alloy in Fig. 5. In this case, the hardness, as 
quenched, was very high because considerable 
formed during the quench. The final products of 
aging were a and TiFe. Note in Figs. 4 and 5 that 
peak hardness occurred during the period that the 
strongest intensities of the » pattern were obtained 

Long time aging of tensile specimens of different 
heats of these chromium and iron alloys resulted in 
the mechanical properties depicted in Figs. 6 and 7, 
respectively. The hardness of each alloy was high, as 
quenched, as a result of the presence of omega, and 
the specimens were too brittle to permit an accurate 
determination of tensile strength. After nearly 10 hr 
at 800°F, the Ti-Cr alloy regained some degree of 
ductility, coincident to the disappearance of w. How- 
ever, during the remainder of the aging cycle, the 
ductility did not continue to increase, presumably 
because of the formation of TiCr,. The increase in 
the hardness curve of Fig. 4 in the vicinity of 100 hi 
aging time is believed to result from the nucleation 
of the compound. 

The Ti-4Fe alloy, extremely hard as quenched, 
reflected the presence of » in the brittle tensile 
properties. Ductility was recovered after about 10 hr 
of aging, at which time w disappeared. A very inter- 
esting observation which may be of practical sig- 
nificance to titanium producers is that the Ti-Fe 
alloy became very soft and regained much ductility 
near the end of its aging cycle, despite the fact that 
the eutectoid TiFe phase formed during this period. 
This is contrary to the general belief that the forma- 
tion of the TiFe eutectoid structure causes embrittle- 
ment similarly to the TiCr, eutectoid. 

The hardening and embrittling effects produced 
by omega are believed to be associated, at least in 
part, with its complex lattice structure, shown in 
Fig. 8 for a Ti-8Cr alloy.” This is triple-body-cen- 
tered cubic, with a lattice parameter of 9.80A, about 
three times that of as-quenched £. The alloy content 
of w is about 3.71 atomic pct. This complex structure 
would be expected to resist slip and is, therefore, 
assumed to be intrinsically hard. Its presence as a 
fine dispersion in the 8 matrix would be expected to 
limit deformation. A second mechanism by which w 
may cause hardening in the § phase is coherency, 
during advanced stages of aging, between w particles 
and adjacent enriched 8, with resultant straining of 
the £ lattice. 

Practical Application of Heat Treatments 

Very practical use can be made of the 8 wa 
reaction in the hardening of alloys which contain 
about 3 pct or more of the beta-stabilizing elements. 
A few examples of the properties obtainable in sorne 
titanium alloys are shown in Table I. At the present, 
few applications are being made of solution and 
aging heat treatments. Titanium fasteners produced 
from bar stock, forgings, and extrusions will un- 
doubtedly be the earliest items to be used in the 
heat treated condition. In fact, for one application, 
extrusions of the Ti-6Al-4V alloy have been pro- 
duced in sizeable quantities and are being heat 
treated and aged prior to use. Shop problems rang- 
ing in complexity from the elimination of oxidation 
and distortion to the avoidance of w or a embrittle- 
ment tend to make fabricators proceed with caution 


The basic mechanisms of hardening—practical applications 


—problems found—in titanium heat treatment. 
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Examples of Properties Produced in Several Alloys by 
Heat Treatment 


Table |. 


Ultimate Tensile 
Tensile Viela 
Strength, Strength, 
Alley pel pel 


Type of Heat 
Treatment 


Elenga- 
tien, pet 


Water quenched from 
1460°F , aged hr at 
00°F 


4A1-4Mn 173,000 159,000 


(C190-AM) 


3Mn-1Cr-iFe 
iMo-1V 180,000 170,000 
(3Mn-complex) 1400° 
00°F 
Water quenched from 
1480°F , aged 4 hr at 
1000°F 


Water quenched from 
, aged 6 hr at 
165,000 


2¥e-2Cr-2Mo 175,000 


(Ti- 140A) 


In the field of titanium fasteners, some interesting 
problems have been receiving considerable atten- 
tion. One practice that is mandatory for safety in 
service and which is now fairly widely understood, is 
to age or stabilize the bolt at some time after the 
heading or solution treating step. This is necessary 
to prevent the beta phase formed during heading 
from transforming to omega if the bolt is heated to 
400°F or higher in service. At least one aircraft com- 
pany now specifies that as-received Lolts must be 
able to be heated to 700°F for a short period with- 
out becoming embrittled by 

Fastener manufacturers have also learned that 
heading bolts at too high a temperature produces a 
coarse grain structure in the head area with result- 
ant loss in ductility. This is generally referred to as 
“beta embrittlement” or overheated structure. Un- 
like steel, titanium alloys cannot be heated above 
the beta transus without suffering permanent loss of 
ductility. In order to prevent this, all heading should 
be done in the a-f temperature range. Since alumi- 
num raises the f transus, alloys such as Ti-6Al-4V 
are coming into wider use for extrusions and forg- 
ings and will eventually be used for fasteners. Even 
this alloy can be overheated. Note, for example, in 
Table II, that excellent properties are obtained in 
the alloy by heat treatment, but that a loss in duc- 
tility occurs if the alloy is heated above its § transus, 
i.e., about 1825°F.” For the same reason, the alloy 
should not be extruded, forged, or rolled above about 
1750°F. 

The steps required in practical heat treatments to 
avoid loss of ductility by omega formation or by 
overheating during heat treatment can be sum- 
marized pictorially, as in Fig. 9. Step 1, the solution 
treatment, transforms part of the a phase to f. This 
is carried out below the f# transus temperature to 
avoid loss of ductility through grain coarsening and 
“beta embrittlement”. In the quench, Step 2, the £8 
formed at the solution temperature is retained. In 
the aging treatment, Step 3, the retained beta de- 
composes to w or to a, depending upon the aging 
temperature and time. The danger zone of @ ex- 
tends from slightly above room temperature to about 
900°F. Long aging periods of 24 hr or more at 800°F 
complete the transformation of omega to alpha. At 
lower temperatures, the transition is not completed 
within practical time limits. At 900°F or higher 
temperatures » is transformed very quickly. Either 
air cooling or a quench may be employed after the 
aging treatment 

It will be apparent from Figs. 3 and 9 that any 
heating cycles, including stress-relief treatments, 
which are carried out above about 1150 to 1200°F 
will produce some unstable 8. Parts so treated 
should be stabilized afterward either by reheating 
to 800 to 1100°F, or by slow furnace cooling from 
higher temperatures. Obviously, extrusions, forgings, 
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rolled bars, and sheet should not be put into service 
without one of these stabilizing treatments. 

The possibility of solution heat treating titanium 
sheet alloys, forming them in the soft condition, 
and strengthening them by an intermediate aging 
treatment is a goal for current research. At the 
present time, sheet is being used in the annealed 
condition. For the Ti-8Mn alloy, this represents a 
typical yield strength of 120,000 to 135,000 psi. 
Through heat treatment, alloys might be formed in 
the soft, solution treated condition and aged to 150,- 
000-psi yield strength. A number of problems are 
readily apparent: 1) Should the sheet be solution 
treated at the producer’s plant? If so, can it be pro- 
tected at the high solution temperature? 2) Will 
stretching the sheet to flatten it reduce its formabil- 
ity too much for subsequent forming in the custom- 
er’s plant? 3) Are embrittling reactions apt to oc- 
cur during forming as a result of unstable beta 
decomposition? 4)How will the formed parts be age 
hardened without distortion and air contamination? 

Research in progress is aimed toward developing 
alloys which are most amenable to this type of form- 
ing sequence. It is too early to predict optimum 
compositions. However, preliminary research has 
indicated that certain alloys with weak beta-stabiliz- 
ing elements or small amounts of stronger £ sta- 
bilizers when solution treated at certain temper- 
atures, may possess better formability than when 
annealed. Sherman and Kessler” have shown, for 
example, that the Ti-6Al-4V alloy may have its 
best formability when quenched from 1500°F, be- 
cause the ratio of yield strength to tensile strength 
is smallest in this condition, Table II. 


Other Mechanisms of Hardening 

Recent research in several laboratories has sug- 
gested that mechanisms of hardening other than the 
8B w- a reaction may be operative. One possibility 
that is being considered is the classic precipitation of 
an intermetallic compound from the solid solution. 
Armour” has reported hardening by the precipita- 
tion of TiSi compounds from a Ti-6AI1-0.5Si alloy 
after quenching and aging. Hardnesses of over 450 
Vickers have been obtained in this alloy quenched 
from 1050°C (1920°F), and aged at 600°C (1110°F). 
The potential usefulness of this type of hardening 
reaction has not been evaluated. 

Domagala and Rostoker” have investigated the 
possibility of age hardening by decomposition of a’ 
(martensite). In a Ti-13Mo alloy quenched from 
1000°C (1830°F), and aged at 700°C (1300°F), a’ 
needles were observed to temper by precipitating 
small particles of alpha in a beta matrix. A second 
tempering process observed in a Ti-6Cr alloy con- 
sisted of diffusion across the a’/f interface, with no 
visible precipitation of a. 

The structure of the Ti-6Al-4V alloy, quenched 


Table II. Effect of Solution Temperature on Tensile Properties 
of Ti-6Al-4V" 


Ultimate 
Tensile Yield 
Strength Strength, 
psi psi 


Solution 


Temp. Elongation 


139,000 
135,000 
144,000 
141,000 
145,000 
148,000 
160,000 
172,000 
167,500 


137,500 
124,000 
114,500 
101,000 
103,000 
119,000 
141,000 
148,500 
145,500 


* Water quenched after 1 hr at temperature indicated 


“he 
14.5 
Rote, 
| pet ys/ts 
21 0.99 
1300 20 0.92 
22 0.80 
22 0.72 
26 0.71 
| 1850 23 0.81 
1400 21 0.88 
1650 15 
1750 5 0.87 
1850 


from 1550°F (in the a-f field), consists of a re- 
tained 8 matrix with islands of primary a.” Upon 
aging at 900°F, the alloy becomes stronger, pre- 
sumably by the 8 ~ #~ a hardening reaction. How- 
ever, the same alloy when quenched from 1750 to 
1800°F is apparently largely a’ with some residual 
a.” Aged at 900°F from this condition the alloy de- 
velops higher strength. Fig. 10 shows that the alloy 
quenched from 1800°F and aged at 900°F maintains 
room temperature hardness of over 400 VHN for at 
least 100 hr. The fact that little or no £8 is retained 
during the 1800°F quench suggests that the reaction 


a’ ~ a + 8 may be responsible for the hardening. Re- 
search now in progress is expected to reveal whether 
or not this is the case 
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What temperature should be used for stress 
relieving formed parts, and what time at 
such temperature, and what properties of 
the formed part may be affected by this 
heat treatment rather than stress relieving? 

W. Finlay: I will run briefly through some of the 
generalities and then perhaps whoever is interested 
could ask additional questions. Stress relieving can be 
done in from % to 1 hr at 1000° to 1100°F. Full- 
annealed would be something like 150° to 200°F higher 
than this 

An alpha-beta alloy without aluminum, as, for ex- 
ample, the 8 Mn, can be stress relieved satisfactorily 
by 1 hr at 1000°F but from the standpoint of reliev- 
ing all stresses it might be desirable to go higher than 
this. There are two complications, however: the first is 
that a scale is formed that is more difficult to remove 
the higher you go in temperature or the longer the 
time. Under 1000°F it is possible to remove this scale 
with Nitric-HF acid. 

If you go to 1100° or 1200°F and cool rapidly, an 
increasing amount of quench hardening occurs by the 
development of some unstable beta. This can readily 
be avoided by furnace cooling from the annealing tem- 
perature, but to stay within the spirit of the question, 
which was stress relieving rather than stabilized an- 
nealing, 1000°F at 1 hr will do the job for 8 Mn. With 
increasing amounts of aluminum, with the Mn-4 Al or 
the 6 Al-4 Cr-Mo, or 6 Al-4 Cr, or the 6 Al-4 V, higher 
temperatures are indicated, perhaps 30 to 60 min at 
1300°F 

What effect will it have on present yields? 

W. Finlay: If there is a Bauschinger effect involved, 
namely, if tensile stresses like stretch forming have 
occurred, stress relieving will have an important effect. 
In this case before stress relieving, compressive yield 
strengths may be, as in other metals, due to residual 
stresses involved down to as low as 60 pct of the tensile 
yield. But stress relieving for 1 hr at 1000°F will re- 
cover up to 95 pct, and a full stabilized anneal will get 
you back 100 pct 

W. Rostoker: I don't know whether the questioner 
has a standard procedure for compressive testing but 
if I recollect correctly, you can modify the compressive 
yield point considerably by the frictional conditions 
between the platen and the specimen. The frictional 
conditions between the platens and the test piece can 
make quite a lot of difference to the apparent com- 
pressive yield 

What is meant by alpha prime and what is 
meant by beta prime? 

P. D. Frost: I studiously avoided the use of the words 
beta prime.” Let's talk about alpha prime first. Alpha- 
like prime is the martensite that occurs in titanium al- 
loys, lean titanium alloys that do not contain enough beta 
stabilizing elements to make them sluggish enough to 
retain beta at room temperature during quenching 
Alpha prime is a necdle or acicular structure which 
looks like martensite and actually is a super-saturated 
solution of the alloying element in alpha titanium. It 
does not produce hardening and, therefore, it is differ 
ent from the martensite that the ferrous metallurgists 
are accustomed to 

I think Dr. Rostoker would like to dwell on the 
tempering of alpha prime a little later; but beta prime 
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which is hardened because of the 
presence of omega. You cannot see omega in a micro- 
scope, even in the electron microscope. However, you 
can pick it up by X-ray diffraction very readily, and 
beta which contains omega is hard and brittle and is not 
a desirable product or structure in titanium. The words 
“beta prime” came from the fact that people did not 
recognize what caused beta to be hard and brittle until 
the omega phase was discovered, Therefore, they called 
the beta which looked like soft beta, beta prime 

Is there any danger of omega embrittle- 

ment when heating titanium alloys for 

warm working? 

W. L. Finlay: Paul Frost's introductory talk gives us 
the basis for the answer to this. He pointed out that to 
set the stage for omega, first you go up to some high 
temperature and then quench to get some unstable 
beta which then transforms to alpha. If this beta gets 
stuck halfway between beta and alpha it is called a 
transition phase and Paul Frost has termed it omega, I 
believe the alpha-beta alloys from any of the present 
suppliers are all in the stabilized annealed condition 
Generally speaking, this is obtained by a final heating 
of the material above temperature where you can form 
unstable beta material. The material is held for about 
an hour and then furnace-cooled, that is, at about 5°F 
per min. This is pretty slow cooling and allows the beta 
to transform over to alpha on the way down rather 
than after it has been quenched 

So, you have the stabilized anneal condition and 


is hard beta 
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when you heat it up to a lower temperature for warm 
forming you do not develop any omega 

Is there a correlation between grain size 

and response to heat treatment? 

W. Rostoker: If response to heat treatment means 
the rate of precipitation of alpha from beta; I don’t 
know that the critical experiments have been done. If 
response to heat treatment means the resultant me- 
chanical properties developed after an arbitrary heat 
treatment using a variety of prior beta grain sizes, 
then there is an effect. There is an effect on the tensile 
ductility, the coarser grain sizes tending to give less 
tensile ductility in the experiments I am familiar with 

P. D. Frost: I would like to call attention to the paper 
by Russ Ogden in which he showed that at relatively 
coarse grain sizes there is little effect of grain size 
on properties 

W. Rostoker: There is another point that should be 
kept clear when we are referring to grain size: whether 
we are referring to a prior beta grain size as we some- 
times refer to a prior austenite grain size in steel; or 
are we referring to the equi-axed alpha size in a beta 
matrix as a result of warm working within the alpha 
plus beta field? We have to define what we mean by 
grain size because they are two quite different and yet 
possibly equally important parameters 

S. Abkowitz: I know that Watertown Arsenal has 
tried correlating grain size, particularly with impact 
strengths, and this, again, has not been directly divided 
into a type of grain in some early work. They could 
not really correlate the impact strength with grain size, 
although in general they felt the finer grain more fre- 
quently showed better properties, but many times 
high impact strengths were obtained with coarse 
grained material. Again, this work might be re- 
evaluated with regard to the type of grain size 

What effect, if any, does the addition of 
aluminum have on a titanium alloy which 
is subject to omega embrittlement? 

S. Abkowitz: I will start it off by stating I don’t 
know of any complementary effect of aluminum with 
regard to omega embrittlement. There are some other 
alloying elements which I think NYU has shown, which 
will retard or slow up eutectoid embrittlement, but not 
anything with regard to omega embrittlement. We 
haven't the Utopian element that can retérd or slow up 
this formation ' 

R. I. Jaffee: We have seen quite a bjt of evidence 
that suggests to us that aluminum markedly decreases 
the beta to omega reaction. This is evidence such as 
you get from the soft beta phase in aluminum plus 
manganese alloys quenched from lean beta tempera- 
tures. In the absence of aluminum such treatment 
would result in hard or omega-containing beta. The 
same is true for aluminum-vanadium allays. Alumi- 
num seems to speed up alpha precipitation but retard 
omega formation. I admit there need be X-ray data to 
confirm this but these are the clear indications from 
the mechanical properties 

A. Hi. Fleitmann (Crane Co.): I asked this question 
and it was based upon the apparent increase in hard- 
enability created by the addition of aluminum. I was 
wondering if the omega precipitation was slowed down 
by the addition of aluminum. If this were the case it 
would provide this enhanced hardenability as indi- 
cated by L. Jaffee in his paper, Heat Treatment of 
Titanium Alloys 

P. D. Frost: Jaffee is correct, it does slow it down, 
but it doesn't prevent omega embrittlement. It may 
avoid it in the quench but if the quenched alloy is not 
stabilized by annealing you still cannot get away from 
the embrittlement 

What caused embrittlement after heat 
treating 4 Al-4Mn to stabilize it, then cold 
worked it and reheated it to a temperature 
below 800°F? 

W. Finlay: I suppose the explanation is that: you heat- 
ed it and got more beta; you quenched it, and got some 
unstable beta; you heated it to 900°F, and some of the 


40-—JOURNAL OF METALS, JANUARY 1956 


unstable beta transformed partially to alpha; then 
when it was cold worked the extra energy put into the 
lattice caused more of the beta to start to transform 
to alpha so that when this was subsequently aged or 
reheated to 500° or 600°F, the transformation pro- 
ceeded to the halfway stage (omega) and the material 
was embrittled. Further aging, particularly at a higher 
temperature, would nudge the omega over to alpha 
and the material would become ductile again. So I 
would suggest that if the material were found to be- 
have in this fashion, it should be overaged more thor- 
oughly at 900° or 1000°F so that there would be less 
unstable beta, so that there would be less tendency for 
the Material perhaps to transform further to alpha 
when cold worked and subsequently heated. 

A. D. Schwope: Was the material ductile after cold 
working, before the aging? 

From the Floor: Yes, it was ductile 

P. D. Frost: How long did you age it at 900°F? 

From the Floor: We ran some of them as long as 24 
hr at 900°F. 

What was he doing at around 900°F? What 
was he trying to prove? 

P. D. Frost: Walter Finlay’s explanation could very 
well apply here. I would certainly want to look at 
that experiment very critically, however. If you aged 
it that long at 900°F it is rather doubtful if more 
omega would form. However, without the evidence I 
don't think we can give you a good answer. This ap- 
plies to Ti fasteners. This problem has been put to me 
several times and I am not sure that I can answer it. 
I would look for other variables, if I were you. 

W. Rostoker: One thing you must keep in mind is 
that no matter how long you age at 900°F, there is still 
a matter of stability at lower temperatures and we 
have pretty good evidence now that cold work or stress 
at temperature will change a metastability from an 
inactive to an active state, so I don’t think we should 
be so surprised at what happened 

What would be the heat treatment that you 
would use to soften your work hardened 
bar? 

W. Finlay: I think I can answer that several ways. 
I gave one answer, namely, age it longer at the same 
temperature, or age it at a higher temperature for an 
equal or a greater length of time. In other words, I 
think you gave it, I forget how many hours at 900°F, 
but you might well double that; or you might go to 
8 hrs at 950°F, test it under those conditions 

Another answer is to heat treat. For example, for 
the 4 Al-4 Mn alloy (C130AM), quench for 1450°F and 
age 8 hr at 900°F. 

A third answer is to modify the alloy. Rem-Cru 
has in pilot production an increased aluminum content, 
6 Al-4 Mn, which will meet the 160 min ultimate re- 
quirement in the annealed condition 

S. Abkowitz: The all beta alloys heated to the beta 
field would not be as brittle as would alpha-beta alloys 

Will sponge purity greater than 140 
Brinell, that is, a purity that is lower than 
140, improve strength and ductility of heat 
treated alpha-beta type titanium alloys? 


W. Finlay: I am sure that there is an optimum 
range. Too high would be bad in that at a given 
strength level the ductility would be lower as ob- 
tained by heat treatment. On the other hand, it is 
my impression that iodide purity and metallic ele- 
ments alone, with no interstitials essentially present 
(just to put a number on it, 0.05 max total intersti- 
tials), might not give the optimum combination of 
strength and ductility. I suspect that in many of 
these alpha-beta alloys there is an optimum range 
between 0.05 and 0.15. This is particularly true of 
tensile strength and tensile ductility. It is conceivable 
that impact would give a different picture, in which 
case impact would favor lower interstitials 

S. Abkowitz: With heat treatability, of course, the 
higher purity sponge is going to lower interstitials 


a 


which do not contribute to heat treatability. If 
possible, starting with a lower hardness sponge, a 
higher purity sponge, we can get more heat treatable 
substitutional elements in there before rendering the 
material too brittle for use. Then possibly this is a 
way of increasing our heat treatability, by replacing 
the oxygen and nitrogen in the sponge with other 
substitutional alloying elements. In this way we can 
permit an increase in heat treatability which can be 
obtained by alloying 

W. Finlay: I would like to point out that, in a com- 
parison such as Stan and I are discussing here, you 
have to be at the same strength level and if you give 
the noninterstitial material and the 0.1 or 0.5 total 
interstitial material the same heat treatment, you get 
a lower strength and higher ductility with the non- 
interstitial. But that isn’t a fair comparison because, 
in use, it is a particular strength level that you are 
interested in. 


P. D. Frost: I think Dr. Finlay’s first statement 


touched upon this most closely. We have observed 
at least for the 3 Mn complex alloy, as the purity of 
the sponge has increased, the ductility of that alloy at 
a given strength has decreased. Battelle has always 
been able to make the alloy and get good properties 
until fairly recently when, sponge having a Brinell 
hardness of 110 Bhn was used, and for some reason 
we got poor ductility. 

We think that that is connected with the inter- 
stitial level of the alpha phase. I can’t go into this 
in detail here. However, we are working on so-called 
beta embrittlement in titanium alloys and one hy- 
pothesis held on the embrittling mechanism is that if 
the alpha phase, particularly alpha at beta grain 
boundaries, is so pure, so low in interstitial content, 
that it is awfully weak, ductility of the whole 
structure suffers because the beta within the grain is 
strong. This produces, in a sense, not a brittle struc 
ture but a lower ductility structure 

This is just a hypothesis at this time 


Heat Treatment—Protective 


Please review the methods currently in 
use for protecting titanium alloys from 
alpha case formation. And secondly, is 
this problem of forming an alpha case 
any more severe with the 6 Al-4 V alloy 
than with others that have been in prior 
use? 

W. Rostoker: I haven't any answer to the question 
but the alpha case means oxygen pickup. The in- 
creased oxygen content raises the beta transus caus- 
ing alpha rejected which at this higher temperature 
is inherently coarser 

A. B. Molander: We ran into a problem similar to 
this with the 3 Al-5 Cr bar stock material. We have 
since discontinued using it for this one reason. We 
had started a test program on the material and up 
to this time we had vacuum annealed, to out-gas, all 
the titanium alloys that we were using. We out- 
gassed the 3 Al-5 Cr at 1300°F. It was at temperature 
for about 7 hr and then slow cooled in the furnace. 
On removal and testing—these were % in. round test 
bars—we had extremely brittle behavior. We were 
developing an ultimate strength on the order of 50 
pet of what we had in the “as received” condition, 
with zero elongation and zero reduction in area. We 
then took this material and machined the surface in 
the test section and removed on the order of 0.005 on 
the radius or 0.010 on the diam and returned to a 
ductility better than the “as received” and a strength 
on the same order of magnitude as the “as received” 
material 

We accomplished the same thing by etching in a 
nitric-hydrofluoric acid bath, deliberately adding hy- 
drogen to the alloy, and then out-gassing. We again 
returned to the initial mechanical and physical prop- 
erty state. This scared us more or less away from the 
alloy. We didn't bother running any metallographic 
tests or any further tests than just these few. Also, 
on heating at about 1200° to 1300°F we found the 
same effect on this 3 Al-5 Cr alloy. I think we re- 
moved the case, which we feel is due to oxygen pickup 
as Dr. Rostoker has said, and in the vacuum out- 
gassing you may wonder where it comes from; I am 
not sure 

Is it necessary or beneficial to do the heat 
treating in protective atmospheres, and if it 
is necessary, what protective atmospheres? 

H. J. Middendorp: It is possible to heat treat in 
argon or helium atmospheres or in vacuum; that would 
be one solution to the oxygen pickup you get in heat- 
ing in other atmospheres. 

What kind of titanium are we talking about 
here? Are you still on alloy or pure tita- 
nium now? 


Chairman Schapiro: Alloy 


Atmospheres—Quenching 


How are you going to quench at that at- 
mosphere? 

H. J. Middendorp: It would be possible to quench 
by having your quenching entirely contained within 
the equipment 

At what temperature are you going to con- 
tain your quenching equipment? 

A. B. Molander: We are thinking about heat treating 
in atmosphere—or lack of atmosphere, let's put it that 
way. We are building a vacuum furnace and will be 
able to go down to a vacuum on the order of 10 microns 
and to temperatures above 1600°F. We are also con- 
sidering quenching in this vacuum, and of course 
there is only one medium that you can use and that is 
diffusion pump oil. You are not going to go into a hard 
vacuum with water or ordinary quenching oils as they 
now exist and the only thing that will work is a diffu- 
sion pump oil 

The primary reason we are going to a vacuum for 
our heat treating is thet we have found it is easier to 
seal for a good vacuum than it is to try to use either 
argon or helium or scrub them up to a point where 
they are going to be clean enough to use with some of 
our more susceptible titanium alloys 

Is there a size limit that says above or be- 
low when you use a particular quenching 
medium for titanium alloys? 

P. D. Frost: I referred to qualitative data, of course 
The hardenability of an alloy depends on the amount 
of beta stabilizing material that it has in it. An alloy 
like the 8 Mn alloy or 3 Mn complex with 7 or 8 pet 
beta stabilizing elements can be hardened by cooling 
in air from the beta or from the alpha-beta region 
Some omega may form on the way down. To insure 
retention of beta, you should water quench, brine 
quench or oil quench if you are using a vacuum fur 
nace. I think Dr. Finlay could comment on the hard 
enability of 6 Al-4 V alloy. An alloy of this type does 
not contain sufficient beta stabilizing material to per 
mit air cooling except in very thin sections 

To what extent is the transition of alpha to 
beta upon heating any given alloy at any 
particular temperature in the beta region a 
function of time? 

W. Rostoker: Of course, it is a time dependent prop 
erty. I don't know whether specific measurements 
have been made on resolution rates but I do know 
there is a finite time required for alpha to go into 
solution and obviously it is a function of temperature 
in which your resolution treatment takes place 

Is a superheated alpha possible? 

W. Rostoker: Well, since it does take a finite amount 
of time for alpha to redissolve into beta, then there 
can be a transient occurrence of alpha at a higher 
temperature 
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Is the transition rate aided by cold work? 

W. Rostoker: I don't know 

We are going to use the A-110 AT alloy 
We have hot formed and after we hot 
form we are going to have to descale, and 
then we are going to fusion weld. Is it 
going to be necessary to vacuum anneal 
after these operations to get rid of the hy 
drogen contamination? 

W. Finlay: In this sequence that you ran through, 
I can picture you wouldn't pick up any hydrogen in 
any of these operations. Where do you anticipate you 
will be picking up the hydrogen, and how much? 

From the Floor: At 1000° or 1100°F hot formed it is 
possible to pick it up 

W. Finlay: I don't believe you will pick up any sig 
nificant amount of hydrogen at 1000°F. 

How about if you fusion weld? 

W. Finlay: With fusion welding you will have a pro- 
tective argon blanket and you will get no hydrogen 
pickup if you do it properly. If you don't, you get a 
brittle weld from the oxygen. I think in the sequence 
you ran through, you won't run into any hydrogen 
problems. If you form at 1000°F, you could stress re 
lieve at that or slightly higher temperature and you 
certainly could do that in air and either mechanically 
remove the scale or use the nitric-hydrochloric acid 
combination 

H. J. Middendorp: There have been indications in 
the fusion welding operation that you actually lose hy 
drogen so that would certainly be a pwint in your favor 

What heat treatment will yield the highest 
fatigue properties? 

S. Abkowitz: Generally, there is no single answer 
to that. There wouldn't be any particular heat treat 
ment because that will depend on the particular alloy 
I think we are really just getting into the evaluation 
of fatigue properties in the heat treated condition 
There is an indication that we certainly are going to 


TITANIUM SYMPOSIUM 


N less than a decade metallic titanium has been 

developed from a laboratory curiosity to become 
a basic industry vital to the defense of our country, 
even though its potential growth is only beginning 
Such rapid development of an industry for the pro- 
duction of new metal—about three times as fast as 
was the case for aluminum-—-is phenomenal and 
would not have taken place without the support of 
hundreds of research and development projects 
sponsored by the Armed Services 

You will recall that titanium metal first became 
available in commercial quantities just before the 
outbreak of hostilities in Korea and that during the 
following three years our Government was faced 
with the possibility that the localized situation in 
the Far East might flare up into a world-wide con- 
flagration. From the very first, defense agencies 
were convinced that the favorable characteristics 
of titanium outweighed the unfavorable properties 
and that in many applications the use of this newly 
available structural material could put equipment 
in the hands of our fighting forces which would be 
superior to that available to our potential enemies 

It might seem from what you have heard today 
that the uses of titanium are limited primarily to 
beneficial applications of interest to the aircraft 
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The Future Use Pattern for Titanium 


improve properties by heat treatment; as far as the 
optimum treatment for each particular alloy is con- 
cerned, that is something we are undergoing right now. 

Chairman Schapiro: Perhaps the questioner meant 
this, and maybe you are willing to answer it if the 
questioner will allow me the liberty of rephrasing the 
question. Maybe what he meant was: For any partic- 
ular alloy, will the heat treatment that produces the 
highest or most usable strength-ductibility combina- 
tion also give the highest fatigue properties for that 
alloy? 

W. Finlay: I am sure that hasn't been thoroughly 
explored. I think we can ask the question generally. 
Paul has generalized about heat treatment, which is, 
solution heat treat 50° to 150°F under the beta transus, 
quench and then hold for some hours above 800°F. 
That has given some excellent results in 4 Mn-4 Al, e.g., 
105,000 psi unnotched, and with a stress concentration 
of four, 45,000 psi endurance limit. These are 15 to 20 
pet better than the annealed conditions. It hasn’t been 
thoroughly explored but it looks as though there are 
many treatments that will give endurance improve- 
ment in these alpha-beta alloys. 

Chairman Schapiro: In the event that embrittlement 
has occurred—and I presume the gentleman meant 
omega embrittlement and I presume he didn’t intend 
to—what can he do to recover the ductility of material 
or eliminate or remove the embrittlement? 

W. Finlay: If he got it by heating into the beta field 
there isn’t much he can do beyond hot working and 
breaking it up into alpha islands in a beta sea again. 
If it was omega, as you surmise, Leo, he can overage it 
by going to a high temperature and overaging it, and 
the transition structure will disappear as the beta 
transforms completely to alpha. 

We are now ready to look at the future use pattern 
for titanium. The presentation will be made by Re- 
tired Col. Ben Mesick. 


B. S. Mesick, retired colonel, is connected with 
Arthur D. Little, Inc. He has been in materials 
engineering for over 25 years. He received his 
doctorate from MIT in 1938. 


industry: air frames and jet engines. It is true that 
over 90 pct of the mill products being actually 
shipped by current producers of wrought titanium 
is being fabricated into aircraft components. For 
that reason, four members of this panel have been 
selected from the aircraft industry, but the fifth 
member represents an industry which is quite likely 
to become a major user of titanium because of 
that metal’s superior resistance to corrosion. More- 
over, many military applications of titanium, other 
than in aircraft where the use of titanium is parti- 
cularly advantageous, are being developed and 
tested but only limited production is economically 
feasible at the present price level. The tonnage now 
going into these latter applications is relatively 
small but when full production of these items be- 
comes necessary and if an adequate supply of mill 
products is available, this tonnage is likely to be 
greater than requirements for aircraft production 


With the permission of Walter Finlay’ of Rem- 
Cru, I will use a graph, adjoining, from his dis- 
cussion at Los Angeles in March 1955. I believe it is 
accepted generally as representing the situation of 
the titanium industry at the end of the calendar 
year 1954. Even if we assume the wasteful figure 
of only 50 pct yield in mill products out of the 
sponge melted during 1954, it can be seen that there 
was twice as much sponge actually produced as 
what went into the melting furnaces. During 1955 
the upward trend of actual shipments of mill prod- 
ucts seems to have resumed and the total at the end 
of the year may reach 2000 tons. At the same time, 
however, new facilities such as Cramet are pro- 
ducing sponge at an increasing rate, which may 
raise the total of sponge produced in 1955 to the 
9000 tons indicated. 


With the completion of plants already authorized 
by government contracts with Union Carbide & 
Carbon Co. and with Dow Chemical Co. as well as 
expansion of the sponge production facilities of Du- 
Pont and TMCA, the total capacity for producing 
titanium sponge is expected to reach the annual 
rate of 22,500 tons by the end of 1957. If the de- 
mand for titanium increases sufficiently to justify 
further construction of plants under government 
contracts, the General Services Administration has 


under consideration proposals which would raise 


the sponge production capacity to the oft-mentioned 
figure of 35,000 tons per year. Barring a national 
military emergency and assuming that the titanium 
industry continues to grow at the current rate, it is 
unlikely that this figure will be reached until 1959 
or 1960 

As indicated by the preceding remarks, one of the 
major roadblocks to the increased use of titanium 
has been removed in that the fear of scarcity should 
no longer hold back the production of an item out 
of titanium, all other factors being favorable to its 
use. The commercially available supply is several 
times the demand and the industry is in a position 
to expand its production as it becomes evident that 
the demand is approaching the level of supply. It 
is important, however, for the industry to develop 
so that not only will the demand increase but so 
that the demand will be steady, avoiding uneconom- 
ical “hills and valleys.” Most of these latter fluc- 
tuations have been due to technical difficulties 
which are being steadily overcome and a more 
stable demand should result 


Definite progress is being made towards improve- 
ment in the mill products being received by the 


users of titanium metal. During recent months 
there has been a noticeable falling off of complaints 
about lack of uniformity of properties and about 
surface finish and flatness. Many of the complaints 
that have been made, particularly in regard to em- 
brittlement and delayed cracking, have pertained to 
mill products formed from metal produced before 
strict limits were specified for hydrogen and othe: 
interstitials. 

The demand for better design properties has led 
to an extensive program for the development of 
alloys of titanium. The use of these alloys in pro- 
duction items is being delayed by the inability of 
the producers to deliver commercial quantities with 
consistently better properties and by the lack of 
valid and complete engineering data on representa- 
tive samples of each alloy. The best known of the 
currently available titanium alloys contains 8 pct 


Mn and although large tonnages of this alloy have 
been produced, its general usage has been handi- 
capped by lack of uniformity of properties believed 
to be due to freezing segregation of manganese 
during the melting and casting of the ingot 
Even though the corrosion resistance character- 
istics of titanium are outstandingly favorable to its 
development as an industry, the basic reason for the 
use of titanium as a structural material is its 
strength/weight advantage, especially for applica- 
tions that encounter operating temperatures of 300 
to 800°F. Other desirable properties such as greater 
stiffness and ductile weldability are important ob- 
jectives in the development of new alloys, but if a 
new alloy is to find much use, it must have high 
strength levels along with those properties. Another 
alloy may have a high elastic modulus with high 
hot strength but in the case of each new grade of 
titanium the first major feature for consideration 
is its strength. Weighing all of the factors influenc- 
ing alloy development, it would seem that the ulti- 
mate titanium alloy will be one that can be heat 
treated to high strength levels (over 150,000 psi) 
while still retaining the required ductility and 
impact toughness 
Based upon such information as is available, the 

titanium mill products actually shipped during 1954 
went into 

1) jet engines and gas turbines, 1.3 million Ib 

2) aircraft and automotive structures, 1 mil- 
lion Ib 

3) ordnance 
80,000 Ib 

4) chemical processing equipment, 40,000 Ib 

5) marine uses, 8000 Ib 
It is obvious that the controlling factor in the cur- 
rent use of titanium as a structural material is 
whether the structure being considered must move 
and if the reduction in weight to be gained justifies 
the increased costs due to the use of titanium. The 
present high prices for titanium mill products have 
tended to limit their use to aircraft and, even in 
aircraft, only certain critical components are being 


forgings and machine parts, 
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produced out of titanium. For example, one jet 
engine manufacturer has made a study of what it 
costs to use titanium in compressor disks to save 
weight by replacing steel. It was found that while 
a saving in weight of about 30 pct is being achieved, 
the finished disk machined from a titanium forging 
is costing $180 per Ib as compared to a little over 
$22 per lb for the same disk machined from a steel 
forging. But even at that high price the use of tita- 
nium is considered to be justified. The great differ- 
ence in cost per pound, however, provides ample 
incentive for the development of special techniques 
for forming titanium into rough shapes with dimen- 
sions nearer the finished machined disk 

As has been mentioned earlier, other types of 
transportation facilities, moving parts of stationary 
machines, and all types of equipment which must be 
moved by hand or by power are potential applica- 
tions for titanium. Many such applications have 
been developed through the prototype stage and are 
ready for production when the costs decrease to a 
level that will warrant such action. As the price of 
titanium drops, it will be used increasingly in hand- 
borne and air-borne military equipment; in critical 
parts of trucks, tractors, and railroad equipment; 
and possibly in automobiles for reciprocating parts 
such as pistons and connecting rods 

To give you an idea of how much the price of tita- 
nium must drop before it is likely to be used in 
automotive applications, I have computed the ap- 
proximate cost of the forging stock for a connecting 
rod weighing about 1.5 Ib and fabricated out of 
SAE 8635 steel to be about 60¢. Taking full advan- 
tage of the favorable strength/weight ratio of the 
popular and readily forgeable 6Al-4V titanium base 
alloy, only 0.817 lb of material would be required 
but, assuming forging costs to be the same, it would 
be necessary for titanium forging stock to be selling 
at about 75¢ per Ib in order to make it econom- 
ically feasible to substitute titanium for steel in 
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Table |. 


Typical Room Temperature Mechanical 
mmercial Titanium Alloys as Annealed, 


Properties of 
June 30, 1955 


Ultimate § Tensile 


Tensile Viela Seurce 
Strength Strength tien of 
psi psi Information 


Mallory -Sharon 
April prod 


23 heats* 
130,000 120,000 15 Rem-Cru 
145,000 135,000 16 Republic Steel, 


November prod 
324 tests* 


Mallory -Sharon 
April prod 

11 heatse* 
Rem-Cru 


140,000 20 
Republic Steel 


150,000 


Mallory -Sharon 
17 heats* 
Rem-Cru 


130,000 17 
TMCA 


140,000 


Rem-Cru, third 
quarter 1954° 
Republic Steel 


116,000 15 
117,000 18 


125,000 
123,000 


Sheet 


Bar and 
Sheet 


5 Al-2.5 Sn 
3Mn-15Al 


* Data obtained on material from 30 Ib ingots 


connecting rods of standard automobile engines 
This is to be compared with the present price of 
about $9.00 per Ib. 

Other structural metals such as aluminum, brass, 
and stainless steel are resistant to certain types of 
corrosion in varying degrees and when compared to 
titaniurn are relatively inexpensive. For many ap- 
plications, therefore, titanium cannot be expected to 
compete. Maintenance and replacement of corroded 
parts, however, are major items of industrial costs 
so that there are numerous applications in industry 
and in marine service for which the superior cor- 
rosion resistance of titanium justifies its use even 
at the present high price level. For some of these 
applications such as on luxury yachts and expensive 
homes and office buildings, the good appearance of 
titanium after long exposure to the atmosphere, as 
compared to brass or stainless steel, is significant 
and more than offsets the difference in price. As 
prices decrease, the consumption of titanium for 
these purposes should increase sharply and is likely 
to exceed the total used by the aircraft industry 

It is a fact that most of the titanium mill products 
being used at the present time are going into jet 
engines and aircraft applications to take advantage 
of the property, which titanium has but which alu- 
minum and magnesium do not have, of retaining its 
high strength at operating temperatures of 300° to 
800°F. There is no doubt that the aircraft industry 
will continue to be a major consumer of titanium 
for many years but as higher speed (greater than 
Mach 2.5) aircraft are developed and go into pro- 
duction, it may be expected that titanium will be 
replaced in many applications by a competitive metal 
which can be used safely at 1000° F. 

In spite of this limitation on its use, titanium is 
an important engineering material for high tem- 
perature applications. It is more resistant to attack 
by corrosive atmospheres at elevated temperatures 
than are such metals as copper and mild steel which 
are reasonably resistant at room temperatures. Other 
potential elevated temperature uses of titanium are 
in heat exchangers and high pressure boilers; in 


| 
; 
8 Mn Sheet 150,000 135,000 15 
Ad 
a 
° 
4 130m 
8 - 
; q 4Mn-4 Al Bar 150,000 140,000 14 
* 40 
150,000 
6630 
Bar 143,000 133,000 13 
2 139,000 


equipment for atomic power generation; and in high 
temperature processing equipment for the chemical 
industry and for the paper industry. For example, 
the use of titanium as a condenser tube insert’ ex- 
posed to 60 pct HNO, at 300 psi and 200°C improved 
the performance life by at least 3 to 1. 

The problems which have been discussed here 
today are not unique with the titanium industry. 
High prices, production difficulties, and small volume 
production hampered the growth of the aluminum 
industry during the early 1900’s and the use of 
stainless steel less than 30 years ago. Even using 
the Kroll-type magnesium reduction process there 
are further economies that can be made which would 
reduce the price of sponge, but there are other rea- 
sons for the current high prices of titanium metal 
products. Kellogg’ has stated seven of these reasons: 


“1. Rapid amortization of plant costs is necessary 
because of the probability of early obsoles- 
cence of present methods. 

“2. Research and development expenses are ex- 
cessive because of constant pressure for im- 
proved product quality, and the need to 
investigate new or modified production proc- 
esses. 

“3. Off-grade product may represent a sizeable 
fraction of total plant output. This material 
represents a complete loss to the company, 
since refining methods for off-grade product 
have yet to be developed. 

“4. High-price skilled technical help is required 
in larger than usual percentage of the payroll 
to cope with problems of improved product 
quality and modified production procedures. 

“5. Volume of production is small and uncertain, 
with resultant high costs. 

“6. Retreatment of titanium scrap on a large 
scale has not been possible for a number of 
reasons 


Courtesy Titanium Metals Corp. of America 


Table |i. Titanium Prices 


Price Price 
Per Per Lb 
Lb,s Ti Content, & 
limenite concentrate, 55 pet TiO 0.008 0.027 
Titanium slag, 70 pet TiO 0.018 0.043 
Rutile concentrate, 04 pet TiO 0.06 0.106 
Titanium tetrachloride, tech 0.40 1.58 
Titanium oxide, pigment grade 0.24 0.40 
Current Price at 
Price, Maturity, 
Slag, 70 pet TiO, 0.018 
Siag, 80 pet TiO, 0.018 
Sponge +50 1.15 
ingot, conditioned 1.30 
Forging billet 9.00 1.78 
Plates 12.00 2.06 
Sheets, less extras 15.00 2.34 


“7. The military aircraft market, to which more 
than 90 pet of titanium production now goes, 
makes the utmost demands in product quality.” 

Almost all of the titanium sponge being marketed 
at the present time is produced by the Kroll process 
or some modification thereof and the corresponding 
prices are as given in the figures. As the volume of 
production increases, further reduction in costs and 
consequent reduction in prices may be anticipated 
I would like to have you note that a significant 
factor in the cost of titanium sponge is the market 
price of titanium tetrachloride 

Since almost 4 |b of tetrachloride is required for 
reduction to 1 lb of titanium metal, it is obvious 
that at 40¢ per lb or at a total cost of $1.58, any 
reduction in the price of titanium tetrachloride will 
have a direct effect on the price of the metal, re- 
gardless of the process used for its reduction, Facili- 
ties for the large volume production of titanium 
tetrachloride are under construction and should be 
completed during 1956. It is anticipated that this 
increased production will cut the price of tetra- 
chloride at least in half, or to less than 20¢ per Ib. 
It seems reasonable to expect the price of titanium 
tetrachloride to be reduced to about 10¢ per Ib dur- 
ing the next few years 

Recognizing that any Kroll type of reduction 
process is a batch process and estimating conserva- 
tively all of the other cost factors involved, Kellogg’ 
concludes that private capital could build and oper- 
ate at a profit a 30,000-ton per year plant for the 
production of titanium sponge to be marketed at 
$1.10 per lb. At this price, however, it would take 
10 years to amortize the investment, so for greater 
inducement a market price of $1.15 per lb of sponge 
is assumed for a mature stable titanium industry 
I see no reason why this prediction should not be 
accepted. 

At first glance, it would appear from the prices 
at maturity that are listed that the infant tita- 
nium industry will take a long time to grow up and 
that even then titanium will be a relatively high 
priced engineering material, These predicted prices, 
however, are based upon the assumption that no 
major improvement in titanium technology will be 
made but it is far more likely that new processes, 
some of which are already beyond the pilot plant 
stage, will reduce costs and consequently prices con- 
siderably. Such favorable developments may cut 
these predicted prices in half but titanium mill 
products would still cost about twice as much as if 
made from stainless steel. On the other hand, con- 
sidering that titanium weighs only a little over half 
as much as stainless steel and that titanium has 
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other intangible advantages, a group of students* at 
Harvard Business School in 1952 came to the con- 
clusion that wrought titanium at less than $3 per Ib 
would become a competitive metal 

It may take 10 to 15 years for the titanium indus- 
try to reach maturity but I am confident that during 
the next five years the demand for mill products 
will increase to at least 20,000 tons per year, a figure 
which Finlay’ has indicated could lead to substan- 
tial price reductions. These price reductions will be 
reflected in increased use of titanium in commercial 
products. Based upon comparative prices and sales 
value, the annual consumption of wrought titanium 
when the industry is mature should be between 
150,000 and 200,000 tons. An even higher rate of 
consumption may result if titanium continues to be 


of critical importance to military security, of in- 
creasing importance as a material for high tempera- 
ture use, and if our industrial civilization increases 
the level of consumption of all metals. In conclusion, 
I continue to be an optimist and believe that the 
titanium industry will expand in the foreseeable 
future to an annual production rate of several hun- 
dred thousand tons of mill products. 
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The Panelists on Titanium s Future 
Use 


C. W. Alesch, 11 years with Convair in mate- 
rials activity, prior to that spent 11 years with 
various steel companies after graduating from 
Ohio State University 


Win Sharp is from Pratt & Whitney Aircraft, 
and graduated with an M.S. degree from Lehigh. 


Ted Mociun, North American Aviation. He has 
been with North American throughout his career; 
® graduate of Casey Jones Aeronautical College. 


V. Kudryk of the Chemical Construction Co. is 
a graduate in chemical engineering from the 
University of Alberta. He obtained his master's 
at the University of British Columbia and his 
doctorate from Columbia University. He has 
spent 10 years working with nickel and cobalt 
ores in high pressure leaching 


L. Schapiro, meeting chairman, is also a member 
of this panel 


Have companies changed their positions 
with respect to titanium? 

Chairman Schapiro: | think I can answer that ques- 
tion best by making these statements: While our very 
first usage of titanium was in the X3 airplane, which 
was an experimental one used exclusively for research 
activities and only three of them built, our actual large 
usage of titanium in the DC-7 civilian transport air- 
plane involved 350 lb of titanium per airplane in the 
first models. In the improved models that have become 
the DC-7B and the current DC-7C, the flying amount 
of titanium in the airplane is now 850 lb. I don't think 
this represents any lack of faith on the part of our 
company in titanium and should indicate the opposite. 

Does the panel feel that lack of confidence 
in forgings is retarding the use of titanium? 

W. Sharp: At Pratt & Whitney at the present time 
we certainly have a great deal of confidence in forged 
titanium. We are using it. We intend to use it 

A. T. Mociun: We intend to use forgings at North 
American, too. We just don’t happen to have the 
quantities right now to pay for forge dies 

Will the low modulus of titanium affect its 
use in high speed aircraft in relation to 
buckling of structural sections? 


A. T. Mociun: No, it will not. We don’t think the 
modulus is too low. We would like to have it higher 
but even at the present level of 15 to 17 million tita- 
nium it is still useful. Compression yield is probably 
the biggest reason for that, because compression yield 
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is higher in the titanium alloys that we have played 
with, than tensile yield. 

C. W. Alesch: In one of Convair’s airplanes the low 
modulus of titanium was used with distinct advantage 
as compared with the modulus of steel. 

How do you propose to use heat treatable 
titanium alloys in sheet form when the 
alloy has to be formed? 

C. W. Alesch: Our practice at Convair is predi- 
cated on this premise: With a 6 Al-4 V aluminum 
sheet where the heat treatment at 1550°F looks very 
good for producing a rather attiactively formable ma- 
terial, we are asking our mill suppliers to supply us 
material in a solution heat treated condition. We ap- 
ply it, then, in this condition and we can form the ma- 
terial. Then by the application of a simple precipita- 
tion or aging treatment, we come up very simply with 
the finished parts in the heat treated condition which 
is desired 

Would water quench solution treatment 
distort the part to where it will be neces- 
sary to straighten it? 

Chairman Schapiro: The answer is no. The forming 
will be done on a water quenched stock material. 

I note the price of mill product has not re- 
flected the decrease in sponge price. How 
come? 

L. 8S. Busch: In the first place, if I remember cor- 
rectly, every time there has been a reduction in sponge 
price there has been a reduction in the price of mill 
products, roughly proportional. The question implies 
that something has not happened which has really hap- 
pened. I believe in the future when there is a reduc- 
tion in sponge price there will continue to be reduc- 
tions in mill prices. 

Col. Mesick: Those of you who are in the actual 
procurement end of this business know that you have 
so many differentials and factors that are to be applied 
to the base price for any mill product that it is very 
difficult to say directly how any reduction in the price 
of sponge would be reflected 

Does the panel feel that welding and braz- 
ing difficulties have seriously held back the 
demand for titanium alloys, or the usage? 

A. T. Mociun: It hasn't held us back. In our applica- 
tions at Downey, all of the components, that is, the 
main structure, will be fusion welded and spot welded, 
so it hasn't held us back. 

Chairman Schapiro: Shall we make this a little 
clearer by saying that what you are referring to is not 
an airplane? 

A. T. Mociun: I don’t know that it really makes any 
difference whether it is an airplane or not. What I 
meant to say is that we are working out our welding 
problems. We realize that we can’t design to steel 
criteria and weld titanium. We. know that we have to 
design for titanium—different joints and joint config- 
urations, more complicated tooling, that sort of thing. 


—— 
4 
~ 


As I say, we can work our way out of the problem 
Are there any castings contemplated for 
the near future, and what is the current 
status of titanium castings? 

Col. Mesick: It is true that probably more attention 
should be given to castings, particularly because of the 
waste in metal that comes about from having to ma- 
chine, say, a valve out of a forged block of titanium 
But the Ordnance Dept. of the Army, working with the 
U. S. Bureau of Mines and Frankford Arsenal, and 
some work at Battelle, also, has demonstrated that 
certain types of castings can be made. One of the 
things that goes along with that is the development of 
skull melting, which seems to be more adaptable to 
the casting operation than the present type of consum- 
able electrode melting. 

D. L. Sinizer: National Research Corp. has been en 
gaged in a program on development of titanium cast- 
ing for some years as described in an article in the 
June 1955 issue of The American Foundryman. That 
article includes some details on the techniques and 
metallurgical requirements for titanium castings. In 
connection with this work, as Colonel Mesick has stat- 
ed, skull melting has been used and is being used at 
the present time. Although skull melting is used pri- 
marily for castings at the present time its use for other 
purposes such as scrap reclamation, alloying, and so 
forth is under development. 

At the 1954 Metals Show in Chicago a 50-lb skull 
melting furnace for production of titanium castings 
was on exhibit. It was exhibited there en route to 
Milwaukee where it is now installed at Howard Foun- 
dry Investment Casting Div., which licenses the process 
from National Research Corp 

What efforts are being made to further 
commercial uses of titanium? Are there 
any nonmilitary applications today where 
titanium can be justified in spite of price? 

V. Kudryk: I will answer the last part first. We are 
using titanium in pressure leaching in our cobalt and 
nickel work. We use 316 stainless and alloy 20 parts 
The experimental parts lasted anywhere from 2 to 3 
hr. Similar titanium parts have lasted up to three 
years and show no sign of failure. These are in plants 
that are producing cobalt. One is tied indirectly to the 
defense program but I think it can be considered a 
civilian job. 

What is the status and future prospect of 
the use of titanium extruded sections in 
engines and airframes? 


W. Minkler: We have been working on extruded 
shapes using the Séjournet process, the glass lubricant 
process. One clarification should be made with regard 
to the present status of the extrusion process, at least 
in our own shop, that it is not comparable to the 
aluminum extrusions; that is, the temperatures we 
have to extrude at are anywhere from 1350° to 1850°F 

The surface obtained from this elevated temperature 
and from the glass lubricant, for the most part, is not 
comparable to the extrusions that are produced by the 
aluminum industry. At the present time Pratt & Whit- 
ney is using titanium extrusion They are machining 
the extrusion all over. That is one answer to the 
rough surface 

Secondly, due to the mechanism of extrusion it is 
necessary that section size be larger than that of the 
aluminum process. The minimum section thickness we 
can make at the pr«sent time is about % in. We can’t 
make an extrusion iess than % in. thick 

There is a third area in which extrusions present a 
problem, on the press that we are using, the extrusion 
must be a max outside dimension of 4 in. Anything 
over 4 in. we can’t handle on our press. At the same 
time, we are restricted on the other end by extrusion 
ratios and we have to have at least a % in. cross- 
section area. 

Extrusions are pretty much in their infancy. It has 


been the comment of our extrusion people, people who 
have worked for the last three years on steel extru 
sions, that titanium does extrude better than steel. 
That is, at the present stage of the art of extrusion of 
titanium they feel they have better results with tita 
nium than they had with steel in the beginning. Nev- 
ertheless, we feel that with the Séjournet process we 
are going to be faced with a surface problem as long 
as we use that process 

Battelle has been doing work along this line, I be 
lieve; also Reynolds. They have been working along 
the line of lower extrusion temperatures and using 
lubricants other than glass 

P. D. Frost: I think that the commercial extruders 
have made very good progress. Harvey Machine Co 
and Reynolds Metals Co. have been using grease lubri 
cants and the surfaces of their extrusions are pretty 
good. I think, however, that there is still a lot of 
improvement to be made 


J. R. Long (Harvey Machine Co., Inc.): I think most 
of the points that Mr. Minkler made were very well 
taken and he pretty well sums up the general story. 
Titanium extrusions are far from being perfect or in 
a position where you can pick them off the shelf, nor 
are they being put into active use too rapidly. I think 
most of the extrusions that are being made are largely 
for test purposes, and I think your panel is in a posi 
tion to discuss some of the results that the air frame 
people have had 
Harvey is extruding titanium shapes. The limita- 
tions that Mr. Minkler mentioned are about the same 
limitations we face. There are problems in lubrication, 
there are problems in surface finish, there are prob- 
lems in meeting specification properties. But all of 
these are problems that are being attacked, and at 
tacked vigorously, and we are making headway. I 
think we can look forward to a significant use of tita 
nium extrusions both for air frame and engine purposes 


H. W. Dodds: We have been doing a little bit of 
work on extrusion. The valve trim we made was ex 
truded with a hexagonal hole in it to save the metal, 
that is, on the seat, so we merely chopped it off and 
turned the seat out of each one of them 

We have been extruding some shell cases with, 
we believe, a good enough finish on the outer surface 
to actually use in the gun 

In the ultimate, on the laboratory basis, we have 
made 12, 15, 16 and 17 in. lengths of % in. diam tubing 
with a 1/32 in. wall extruded 


J. R. Long: The extrusion of titanium that we are 
doing at Harvey is essentially a hot working process 
The metal is extruded preferably in the alpha-beta 
temperature range, in temperature ranging from (de 
pending on the alloy) about 1600° to 1800°F, maybe a 
little bit higher. Preferably we like to extrude within 
the alpha-beta range to get the best products. Some 
of the alloys are a little difficult to move for particular 
sections and particular sizes in this range and some 
extrusion has been done at higher temperatures, and 
there is a difference in properties attained 

Generally speaking, the extrusion we are talking 
about is hot working. I think some of the other people 
have been talking about cold extrusion, where a par 
ticular part is being made in contrast to mill products 

I would like to say one other thing that I missed 
when I was talking before We are undertaking a 
study program on extrusions for the Air Force and 
this is being aimed at the extrusion of high tempera 
ture alloys, our alloys that will be particularly suited 
for higher temperature work and for higher stresses 
This is a rather large program and is being conducted 
in conjunction with the several air frame organizations 
to test these extrusions as they are made 

W. Sharp: The place for extrusions in the aircraft 
engine today is largely on rings that are flash butt 
welded, and there is one comment I would like to 
make. If progress in titanium extrusions has been a 
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little slow it should be recalled that progress on extru- 
sion of the 400 series steels and the 300 stainless steels 
was quite slow; so I don’t think we should get too con- 
cerned about a slight lack of progress 

H. J. Middendorp: I think there is one thing Mr. 
Long didn’t say on the 7 Al-3 Mo alloy that they have 
extruded, that they have had ultimate tensiles around 
200,000 with adequate ductility, which is very good. 

Chairman Schapiro: Is this as extruded or with heat 
treatment? 

J. R. Long: With heat treatment. 

H. J. Middendorp: Extruded and heat treated. 

W. Minkler: I am trying to present a realistic picture 
of titanium extrusions vs aluminum extrusions which 
the air frame industry is thinking of. Our titanium 
extrusions are not the same as aluminum extrusions 
and for those air frame companies that have been 
going to the titanium extruders and asking for 0.090 
thickness in titanium extrusions, we can’t do it; Tita- 
nium Metals Corp. cannot do it 

What form or forms of mill products are 
expected to constitute the chief titanium 
demand in the next five years: sheet, rod, 
plate, or what? 

C. W. Alesch: That can best be answered this way, 
I feel: 85 pet of the air frame is constituted of sheet 
material. The potential of titanium metal is in sheet 
material and in the 85 pct is the great potential for 
titanium as a material of construction 

Chairman Schapiro: Shall we clarify this a little bit 
by saying that your 85 pct figure is of the weight of 
the air frame’? This does not include the weight of the 
landing gear which is quite large; is that correct? 

C. W. Alesch: That is correct 

Have you any suggestions for tests for 
evaluating formability of solution heat 
treated sheet outside of shop forming expe- 
rience” 

P. D. Frost: Formability tests other than shop prac- 
tice; that is, do you have a good laboratory test, in 
other words? 

A. T. Mociun: I don’t know of any one test in the 
laboratory that will tell you exactly how it is going to 
work in the shop. It is generally a combination of all 

Chairman Schapiro: Some parts are made by stretch 
forming and stretching is simply a tension operation 
and you can make your laboratory test in tension and 
you measure the elongation that takes place uniformly 
over the gage length and that is how much stretch 
you can give a part 

When you have that number for that material you 
can form a part by stretching if you don’t have to ex- 
ceed that percentage which you have determined in 
the laboratory tests. This, however, does not take care 
of all formability. It only takes care of parts which 
you will do by stretch forming 

If you are making parts by brake bending the only 
type of leboratory test is one that involves bending, 
and so on and so forth. Need I elaborate further? 

P. D. Frost: How would you correlate bending and 
tensile formability? If you want an alloy that is a 
good forming material, regardless of whether it is 
going to be formed in sheet or in bending—obviously, 
it is going to be formed both ways—is there any way 
to correlate, in the laboratory, a test that will predict 
both good bendability and good stretchability? So far 
we have been unable to do this 

Chairman Schapiro: I know of no one test that will 
tell you whether the bendability is good, the stretch 
formability is good and any other forming is good, but 
you can make each individual separate test and then 
record that a particular alloy does or does not have 
good bend ductility, does or does not have good stretch 
ductility. One may be good in one and not in the other, 
and if you have one that is good in all the tests you 
have a material you are going to sell 
Does Douglas now use titanium alloy fast- 
eners in production airplanes? 
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Chairman Schapiro: Douglas does not have a single 
titanium fastener flying today. The new DC8 airplane, 
which you read about in the paper may have titanium 
fasteners in it if our present test program shows it to 
be considered appropriate for the purpose. The test 
program is quite elaborate and we hope that the an- 
swer will be favorable. 

From the Floor: Might I add a little bit to that? In- 
asmuch as the history of Boeing Airplane is rather 
parallel to Dr. Schapiro’s, the history on fasteners is 
about similar. They do not have any in production. 
They have them on test and have them in parts, and 
have every reason to regard very optimistically as to 
their use. As soon as a different high strength is de- 
veloped there is quite a bit of optimism regarding that. 

On the DC 8 are you using titanium alloy? 
What percentage of Douglas’ titanium us- 
age is pure titanium? 

Chairman Schapiro: I mentioned that the DC7 had 
as much as 850 lb of titanium in the flying airplane, 
in the 7C model. This is all commercially pure tita- 
nium, no’ alloy. However, we have some alloyed ti- 
tanium in, not civilian, but in some military airplanes 
which we also make. 

What percentage of Douglas’ titanium us- 
age is in severely stressed structural parts? 


Chairman Schapiro: Well, severely is a hard word to 
define. I am not a designer. I am not sure just what 
was intended by the question. Obviously, all parts of 
the airplane, or practically all of them are quite highly 
stressed. We try to design airplanes to carry the maxi- 
mum stress that they can for safe usage. What was 
meant by severely, I don’t know. I guess I would an- 
swer that question by saying that they are all stress 
parts. 

Primary structures? 


Chairman Schapiro: What does primary structures 
mean to you? The titanium in the entire DC7 is the 
primary engine nacelle. It carries the weight of the 
entire engine. I guess you could call it the primary 
structure. It carries stress. 

What percent of the new jet transport 
plane is titanium? 


From the Floor: I don’t think that the future in 
Boeing would be much different than in Douglas, for 
instance. To comment on the future of titanium, not 
so much in present jets but really in the future, we 
hear a great deal about the titanium wing, an airplane 
with a titanium wing, and all of that. I want to bring 
up one or two of the problems that go along with that. 
You are all more or less acquainted with the manner 
in which the present aluminum wing is constructed of, 
shall we say, 24-75 or some similar alloy which we are 
able to obtain in lengths and widths that would cover 
several tenths. We are able to obtain that material in 
the heat treated and flattened condition. 

To make a titanium wing we will have to obtain 
that material in just such fashion, because when it is 
made up of narrow strips with the cost of installation, 
the fasteners, and all that, we lose the advantages of 
titanium, even at present-day speeds or speeds that 
might be thought of in the future 


Chairman Schapiro: I did tell you that our latest 
model of the DC7, the 7C, has 850 lb of titanium flying 
in it. We certainly expect that the DC8, which is the 
designation or the name for our jet transport, will have 
more because it is a larger plane. It may have more not 
only because it is larger in the sense that there will be 
more for the same components that are now titanium 
on the DC7; it may have more for even additional 
components. These questions have not yet been finally 
answered for me to give you any more answer than to 


say I don’t know. 


Gentlemen, if you have no more questions, the 
panelists are discharged. We thank these panelists and 
all the others for their fine services. 


Powder Metallurgy Symposium 


Interaction Between Metals and Atmospheres 


During Sintering 


Dy John T. Norton 


N order to attempt to arrive at a better under- 

standing of the whole basic problem of sintering, 
these remarks will serve as an introduction for dis- 
cussion that is included and will, perhaps, help to 
isolate specific questions which need to be answered 
or to suggest some definite avenues of investigation 
which should be followed. 

To bring some sort of logical order into the pre- 
sentation, I will consider the various types of inter- 
action between the metal to be sintered and the 
atmosphere which surrounds it, depending upon 
whether the phenomena are essentially chemical or 
physical in nature. For example, when the only nec- 
essary criterion for the satisfactory sintering of a 
certain powder is the removal of an oxide skin, then 
the problem of choosing a suitable atmosphere is 
primarily chemical; however, if a special surface 
condition as a consequence of the oxide skin re- 
moval is necessary for particularly effective sinter- 
ing, then the problem becomes a physical one. Of 
course, the two aspects overlap considerably, but it 
may be possible to make a distinction in principle if 
not in practice. The chemical characteristics of the 
phenomena will be emphasized, since these are the 
better known 

Metal-gas reactions involved in sintering are con- 
trolled primarily by the thermodynamics of the 
processes involved. In which direction will a reac- 
tion go and how far before it stops? The answer is 
to be found in the magnitude of the free energy 
change associated with the reaction. If a constituent 
is to be removed from the specimen as completely 
as possible or if a constituent is to be formed in the 
specimen as completely as possible, then one 
chooses conditions which are far from equilibrium 
so that the reaction is driven toward completion. On 
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the other hand, if the composition is to be main- 
tained at a desired value, then conditions are ad- 
justed as closely as possible to the equilibrium point. 
This aspect of the problem is susceptible to quite 
precise analysis, provided, of course, that the sig- 
nificant reactions can be recognized and the required 
thermodynamic data are available. 

Conversely, if one asks how fast the reaction goes 
or how far it proceeds in a given time, the an- 
swer is frequently much more difficult to answer in 
quantitative terms. Yet the rate-controlling factors 
of the reactions may be of primary importance in 
the success of a particular operation, especially 
where competing processes are at work. Both equil- 
ibrium and rate factors must be understood if a 
clear picture is to be obtained. For instance, in a 
process for carburizing titanium dioxide, is the diffi- 
culty of obtaining a stoichiometric TiC due to a true 
limitation of the equilibrium or simply to a very 
slow rate of reaction? An example of this appears 
in the work of Kalish and Mazza.’ They showed 
that the oxygen content of sintered iron compacts 
was lower when sintered in pure hydrogen than in 
the case where the hydrogen was diluted with 
either argon or nitrogen. The equilibrium oxygen 
content of the iron would be the same in the two 
cases, since it is determined by the ratio of the par- 
tial pressures of water vapor and hydrogen and this 
pressure ratio is unchanged by dilution. The rate of 
oxygen removal, however, under the conditions of 
a constantly replaced furnace atmosphere, depends 
upon diffusion and thus upon the concentration of 
hydrogen in the furnace atmosphere. Possibly the 
clearest way to illustrate the interplay of these two 
factors is to consider in more detail some of the 
typical metal-gas reactions. 

Adsorbed Gases 

It is common experience that fine metal powders 
with their very large surface areas often contain 
large quantities of gas. This gas, which results from 
exposure to air or perhaps from some step in the 
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preparation of the powder, is not in solid solution 
nor in the form of chemical compounds but is held 
to the surface by the forces of adsorption. The term 
adsorption is used here in its most general sense 
This complex phenomenon has been discussed else- 
where’ and one needs only to emphasize that in the 
case of fine powders the volume of gas per unit 
weight of metal may be very large 

Adsorbed gas is usually not removed in significant 
amounts simply by changing the surrounding at- 
mosphere but is largely removed by heating to 
temperatures below the normal sintering temperi- 
tures. It is desirable to remove this gas at an early 
stage of the sintering operation because of the com- 
peting reactions of solution in the metal or forma- 
tion of stable metal compounds. These also proceed 
with increasing rate as the temperature is increased 
and result in fixing the gaseous elements much more 
firmly. The gas may also be entrapped by the closing 
pores at the early stages of densification. In most 
practical cases, the problem of the elimination of 
adsorbed gas can be solved by a suitable control of 
the rate at which the specimen is heated to the sin- 
tering temperatures 

Little data are available on actual equilibrium 
pressures for desorption and probably the values are 
not specific but very dependent upon the nature and 
condition of the powder particle surface. However, 
at temperatures of the order of sintering tempera- 
tures, the values are certainly quite high. Increasing 
temperatures and decreasing total pressures of the 
atmosphere will increase the desorption rate, pro- 
viding that competing reactions do not interfere 


Evaporation of Metals During Sintering 


Another reaction in which the atmosphere is in- 
volved is the evaporation of the metallic elements 
in the specimen. This is especially important as the 
sintering temperature approaches the melting point 
and often seriously limits the use of high vacuum 
sintering where, for other reasons, its application 
would be highly desirable. Evaporation takes place 
when the vapor pressure of the solid or liquid metal 
exceeds the partial pressure of the metal vapor in 
the atmosphere. Since normal atmospheres contain 
no metal vapor, evaporation is inevitable and the 
reactions would go to completion if time were avail- 
able because of the condensation in the colder parts 
of the furnace 

The rate of evaporation, however, can be con- 
trolled by the atmosphere pressure. The pressure 
determines the mean free path in the atmosphere, 
hence, the rate of diffusion of the vapor away from 
the metal surface. Consequently, the rate of evapo- 
ration increases inversely as the total pressure, at 
least until the mean free path is comparable in 
length to the size of the furnace. Increasing the total 
pressure decreases the rate very materially. For 
instance, at 1500°C, cobalt is evaporated from 
WC-Co hard metal alloys if the pressure is ly» but 
the evaporation is negligible at a pressure of 1 atm 
The evaporation rate depends upon the size and mass 
of the gas molecules of the atmosphere. In a very 
light gas like hydrogen, diffusion will be more rapid 
than, for example, in argon at the same temperature 

Evaporation may play a very useful role in puri- 
fication if the body to be sintered contains a metallic 
element with a relatively high vapor pressure. The 
reaction is of such a nature that the concentration 
can be reduced to a very low value and in a reason- 
able time if high temperatures and low pressures 
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can be used. Perhaps an extreme example is the 
fugitive-binder technique used when it is desirable 
io obtain dense refractory alloys such as carbides or 
nitrides without binder. A small amount of a metal 
such as cobalt is added, which materially aids in the 
initial densification by providing a liquid phase, but 
final high sintering in a good vacuum removes prac- 
tically all trace of the binder by evaporation and re- 
sults in a very dense body. 


Direct Dissociation of Metal Compounds 

A metal compound such as a hydride, nitride, or 
oxide will dissociate directly into its elements, pro- 
vided the partial pressure of the gaseous dissociation 
product is lower than the dissociation pressure of 
the compound. Hydrides are quite unstable and hy- 
drogen is readily removed by this sort of reaction 
Some oxides and nitrides also are relatively easy to 
dissociate. It is very difficult to believe, however, 
that the same mechanism applies to the oxide sur- 
face layers on metals like beryllium, titanium, chro- 
mium, and zirconium, or even iron. The dissociation 
pressures for most oxides and nitrides are known. 
For instance, at 1500°K, the values for FeO, Cr.O,, 
and TiO, are 10 10”, and 10” mm, respec- 
tively. This obviously is far beyond the capabilities 
of even the best vacuum system. Yet, if titanium is 
taken as an example, it is possible to sinter titanium 
powder, which must have at least partially oxidized 
particles, in high vacuum to give dense and reason- 
ably ductile bodies; and, in fact, vacuum-fusion 
analyses indicate that the oxygen content may be 
slightly reduced by such sintering. Some other 
mechanism seems needed to account for the result. 

One might postulate that the atmosphere always 
contains traces of carbon and that the TiO, is re- 
duced by CO. This atmosphere, however, would be 
actively carburizing toward titanium, and the car- 
bon content of the sintered body would be increased 
Another possible mechanism would involve the 
evaporation of TiO. The thin TiO, layer would be 
transformed to TiO by reaction with the titanium 
metal and the TiO would evaporate as TiO vapor, 
condensing in the colder parts of the furnace. From 
the data of Coughlin,” the vapor pressure of TiO can 
be calculated, and at 2000°K the value is about 2.8, 
This is a very substantial pressure and the rate of 
evaporation could be expected to be significant in a 
vacuum. As soon as the TiO layer is removed, the 
titanium surface, saturated with oxygen in solid 
solution, remains. Since this surface was in equilib- 
rium with solid TiO, it must also be in equilibrium 
with the same pressure of TiO vapor, and oxygen 
will continue to evaporate as TiO. As the oxygen 
content of the titanium decreases, the equilibrium 
pressure of TiO vapor will also decrease. Possibly 
the rate-controlling factor at this stage is the diffu- 
sion of oxygen in titanium metal 

This mechanism is based, of course, on the as- 
sumption of the existence of a relatively stable TiO 
vapor. It is not unreasonable, since the purification 
of silicon and germanium apparently can proceed by 
the same mechanism. It seems as if the investigators 
who have worked on the high vacuum sintering of 
titanium must have some information on this prob- 
lem which has not yet found its way into the liter- 
ature. If not, it is a problem that should receive 
some quantitative investigation. 


Reduction and Carburization 
The reactions of oxidation-reduction and carbur- 
ization-decarburization are probably of the greatest 
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DISCUSSION PREPARED BY AMOS J. SHALER . . . . . 


The following summary, which was prepared by Dr 
Shaler, is based on a panel discussion of J. T. Norton's 
presentation on sintering. Among those who took part 
were: H. Blumenthal (American Electro Metal Corp., 
Yonkers, N. Y.), A. 8S. Doty (P. R. Mallory & Co., Inc., 
Indianapolis), E. W. Engle, Jr. (Vascoloy-Ramet Corp., 
Waukegan, Ill), S. J. Garvin (Arnold Engineer- 
ing Co., Marengo, Ill.), J. Gurland (Firth Sterling Inc., 
Pittsburgh), H. H. Hausner (Sylvania Electric Prod- 
ucts Inc., Bayside, N. Y.), H. Hirsch (Knolls Atomic 
Power Laboratory, General Electric Co., Schenectady), 
H. S. Kalish (Sylvania Electric Products Inc., Bayside, 
N. Y.), A. G. Metcalfe (Armour Research Foundation of 
Illinois Institute of Technology, Chicago), F. N. Rhines 
(Carnegie Institute of Technology, Pittsburgh), C. H. 
Sump (Armour Research Foundation of Illinois In- 
stitute of Technology, Chicago), A. D. Schwope (Brush 
Laboratories Co., Cleveland), and L. L. Seigle (Syl- 
vania Electric Products Inc., Bayside, N. Y.) 

The discussion began with the subject of the in- 
fluence of the atmosphere on the rate of sintering. It 
was concluded that the rate may be increased if the 
atmosphere contributes to the vapor-phase transport 
of some of the metallic atoms from one part of the 
compact to another. Atmospheres containing water 
vapor, or some of the halides, might affect sintering 
rates this way. Another mechanism affecting the rate 
of sintering in the presence of an inert atmosphere 
might be the increase in the rate of spheroidization re- 
sulting from the shortening of the mean free path for 
metal evaporation. Yet another might involve the 
activation of the particle surface by the formation of 


practical importance and it is convenient to consider 


them in the same category because of the dual 
nature of carbon in this respect. The chemical equa- 
tions describing the metal-gas reactions of this type 
usually involve a gaseous phase on each side of the 
equation and the equilibrium constant will then de- 
pend upon the relative partial pressures of the two 
gases. It may or may not depend upon the total pres- 
sure of the atmosphere. The simplest example per- 
haps is the sintering of iron and steel parts for which 
excellent data are available. One can calculate 
readily the composition of an atmosphere which will 
be reducing with respect to the iron but at the same 
time will maintain the carbon content at a specified 
value at the desired sintering temperature 

A more complicated situation has been discussed 
in an excellent paper by Meerson and Krein‘ on the 
influence of the atmosphere on the carburization of 
TiO,. They determined experimentally the equil- 
ibrium compositions of titanium, carbon, and oxygen 
in specimens subjected to sintering at temperatures 
of 1300° to 1500°C and atmosphere pressures of 0.1 
to 100 mm. They postulated that the TiO, was 
reduced and carburized to form what they termed a 
Ti-TiC-TiO solid solution, that is, a face-centered- 
cubic lattice of titanium atoms in which some of the 
interstitial positions were filled with carbon, some 
with oxygen, and some were unoccupied 

The results of their experiments showed that 
when the total pressure of the atmosphere, which 
was essentially CO, was about 10 mm, the maximum 
combined carbon content was obtained and at this 
pressure the carbon content increased with increas- 
ing temperature. Even at 1500°C, however, the 
equilibrium carbon content was less than the theo- 
retical 50 atomic pct. In other words, there were 
some vacant positions in the structure 
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volatile compounds as a result of atmosphere-compact 
interaction 

There was considerable discussion of the infiltration 
process as it is affected by the atmosphere. It was con- 
cluded that cleanliness of the particle surface con- 
tributes to more efficient infiltration but that cleanli- 
ness could be achieved by more positive means than 
vacuum sintering; atmospheres reacting with surface 
oxides, or even altering the composition of the surface, 
might provide a greater cleanliness from the point of 
view of infiltration than a surface that is simply free 
of contaminants 

The techniques of introducing special atmospheres 
were discussed. The usefulness of such practices as 
adding decomposable hydrides to the metal, ball mill- 
ing volatile materials onto the particles, and selecting 
lubricants to leave a desirable residue was brought out 

Another subject discussed in detail was the influence 
of the atmosphere on the nucleation and growth in the 
compact of certain phases which may or may not be 
desirable and which appear under some conditions and 
not under others. Typical of this type of interaction is 
the formation of the » phase in carbides 

Finally, the group discussed the importance of the 
topography of the particle surface on the rate of sin 
tering and infiltration. It was brought out that this 
topography could be altered by sintering a compact 
first in an oxidizing atmosphere, then in a reducing 
one. The topography of the resulting surface, formed 
by reduction of a deliberately formed oxide, might 
have better properties than a surface not subjected to 
such a cycle. 


At a pressure of 1 mm, the carbon content was less 
and there were more unoccupied positions, The at- 
mosphere under these conditions was less carburiz- 
ing than at the higher pressure but again increasing 
temperature increased its carburizing potential. No 
oxygen was present in the equilibrium structure. On 
the other hand, an increase of pressure to 100 mm 
also caused a decrease in carbon content but at the 
same time introduced oxygen atoms into some of 
the interstitial sites. Thus, at this higher pressure, 
the CO atmosphere becomes oxidizing as well as de- 
carburizing. From the equilibrium data, the equilib- 
rium constants of the several reactions were cal- 
culated and from this the authors were able to pre- 
dict that, at a pressure of 1 to 10 mm and in a tem- 
perature range from 1600" to 1700°C, the completely 
saturated TiC with 20 pct combined C would be 
obtained. They obtained, experimentally, specimens 
with 19.9 pet combined C under these conditions. 

It is very interesting to realize that a carbon- 
deficient TiC, having a defect structure, can actually 
be an equilibrium structure and that a carbide con- 
taining carbon, oxygen, and holes can exist in 
equilibrium with a seemingly carburizing atmos- 
phere. It has generally been believed that the diffi- 
culty in obtaining completely carburized titanium 
was due to some rate-determining process but these 
experiments have shown that the equilibrium itself 
can be controlling. 

In the sintering of WC-Co hard metals, the control 
of the carbon content is of the greatest importance 
and the control depends in large measure upon the 
atmosphere. At normal atmospheric pressures, the 
hydrogen atmosphere, if employed directly, is de- 
carburizing. Consequently, steps must be taken, 
such as packing in closed graphite boats, in order to 
increase the carburizing potential in the neighbor- 
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hood of the parts being sintered. Just how important 
and how critical is this contro] has been shown by 
Gurland.” In this ternary system W-C-Co, too much 
carbon means free graphite, which is bad, and too 
little means the formation of the » phase, W,Co,C, 
which is worse. Using a 16 pct Co alloy, Gurland has 
shown that an alloy with less than 6.00 pct C in the 
carbide phase formed » at the sintering temperature 
and that this was retained even on slow cooling. Be- 
tween 6.06 and about 6.12 pct, the stoichiometric WC 
composition, no » formed at any temperature. Above 
about 6.15 pet C up to about 6.3 pct, graphite forms 
on cooling from the sintering temperature. In the 
composition range between 6.00 and 6.06 pct, there 
is a narrow range of sintering temperatures where 
,» can be formed and retained by rapid cooling 

These results show how critical the control of car- 
bon eontent is and that not only must the starting 
material be correct but the atmosphere must main- 
tain it at the correct value. Specimens originally of 
low carbon content but which were recarburized by 
the atmosphere showed abnormal growth of large 
grains resulting from the decomposition of the 
phase as its carbon content was increased. 

When the hard metal grades being sintered con- 
tain TiC as well as WC and cobalt, the problem of 
carbon control is quite as critical from the point of 
view of properties and is more difficult to carry out 
In practice, the TiC is added as the TiC-WC solid 
solution, but if the particles are oxidized the oxide 
probably is TiO,, which is difficult to reduce with 
hydrogen. Within the body, the oxide reduction is by 
carbon, usually from the carbide, and this carbon 
must be replaced by an atmosphere of the correct 
carbon activity. If the composition is to be uniform 
throughout the body, this carbon replacement must 
take place while the part is still porous. 

Although this operation is carried out success- 
fully in practice, using the same technique as for the 
straight WC grades, Brownlee et al.” have pointed 
out the possible advantages of vacuum sintering. 
Here the atmosphere is essentially CO in a pressure 
range from 0.05 to 1.0 mm and it has free access 
to the parts. At a pressure of 0.05 mm, the atmos- 
phere is only very slightly carburizing and there is 
some loss of cobalt by evaporation. At 0.2 mm, the 
atmosphere is slightly more carburizing; while at 
1.0 mm, it is quite strongly carburizing. Thus, by 
adjusting the pressure, particularly in the later 
stages of sintering, a simple and direct control of 
the carbon content is possible 

In the category of reduction and carburization, 
one should also place the analogous reactions in- 
volving nitrogen. This gas is not a reducing agent 
but it does play an important role in some metals if 
present in the atmosphere. A splendid example is 
that given by Kalish and Mazza’ on the sintering of 
stainless steel in an atmosphere of dissociated am- 
monia. They show clearly the role played by chro- 
mium and nickel and the important influence of the 
nitrogen content on the properties of the sintered 
product. Under such conditions, nitrogen is far from 
being an inert gas. 

Surface Tension 

To this point, I have given primary consideration 
to the problem of the exchange of chemical elements 
between the metal and the atmosphere. However, 
the surface properties of the powder particles also 
play an important role which may vary consider- 
ably, depending upon the nature of the atmosphere 
with which this surface is in contact. These proper- 
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ties, perhaps, may be considered as more physical 
than chemical in nature. Surface tension is one of 
the important surface properties and one which is 
frequently susceptible to conditions in the atmos- 
phere. Perhaps it would be more correct to describe 
the property as surface free energy but it seems un- 
likely that any misunderstanding will occur if 
surface tension is used for solid and liquid metals. 

Herring’ has observed that “sintering is a splendid 
example of a process motivated by surface tension.” 
In the current theories of sintering, this property 
plays a prominent part and although a discussion of 
these theories cannot form a part of this introduc- 
tion, it is pertinent to consider the influence of the 
atmosphere. The principal influence is the reduction 
of the surface tension as compared to that of a 
clean metal surface through the formation of an ad- 
sorbed layer. In previous sections, adsorption was 
used in a very general sense to indicate the associa- 
tion of gas with the metal. Here, it is used in a 
more specific sense to represent the layer of the gas 
atoms which exists on the surface of a metal when 
the metal and gas are in equilibrium with one an- 
other; it can, in general, be thought of as a complete 
or partially complete monolayer. 

The surface tension can be expressed in terms of a 
clean surface, the temperature and the pressure of 
the gas in the atmosphere by Gibbs’ adsorption 
equation. Unfortunately, there are relatively few 
examples of experimentally determined values of 
surface tension which are of interest in connection 
with sintering atmospheres. Udin" and his students 
have examined silver and copper using the 
weighted-wire method. They found in the case of 
silver, for instance, that oxygen in the atmosphere 
markedly reduces the surface tension, the effect in- 
creasing with increasing partial pressure of the oxy- 
gen. CO, on the other hand, had almost no effect 
upon the surface tension. Kingery” and his stu- 
dents, using the sessile-drop method, have investi- 
gated liquid iron in equilibrium with several gases. 
The results showed that sulphur was very active in 
reducing surface tension, oxygen somewhat less so, 
nitrogen only slightly active, and carbon not at all. 
Direct measurements of surface tension are ex- 
tremely difficult to carry out but more information 
on other metal systems and on other atmospheres is 
badly needed if the general picture of sintering 
kinetics is to be carried forward. 

Another aspect of the problem, applicable to sin- 
tering in the presence of a liquid phase, is the rather 
ambiguous question of wettability which is also as- 
sociated with interfacial energies; again, the atmos- 
phere plays a role. Kingery” “ and his students have 
studied this problem also by observing the shapes of 
the sessile drops of iron on various refractory sub- 
strates. Taking iron on an alumina substrate as an 
example and comparing the results with those of 
surface tension mentioned previously, they found 
carbon to be the most effective, oxygen somewhat 
less, sulphur considerably less, and nitrogen not 
effective at all in reducing the contact angle or in- 
creasing the wettability as compared with pure iron 
in an inert atmosphere. Here again, more experi- 
mental evidence is necessary if a good understand- 
ing of sintering is to be obtained and the full poten- 
tial of sintered products is to be realized. 

Activated Sintering 

Numerous experiments have shown that the rate 
of densification during sintering can be accelerated 
and improved mechanical properties of the sintered 
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body obtained if certain auxiliary means are em- 
ployed. These may involve use of mechanical pres- 
sure, ultrasonic vibration, or magnetic fields applied 
during sintering. One of these means involving the 
atmosphere has been described by Eudier” and in- 
cludes the addition of halide compounds to the fur- 
nace gases. In the case of sintered iron, for instance, 
he has suggested that, at a comparatively early stage 
of sintering, the halide vapor reacts with the iron at 
the surfaces of pores, forming an iron halide. This 
compound melts and collects at the sharp angles of 
the pores, making them rounder. At higher temper- 
atures, the iron halide is, decomposed, leaving me- 
tallic iron to round out the pores. The significantly 
improved mechanical properties are ascribed to this 
effect. Eudier” also points out that the formation of 
metal halides from the special atmosphere may 
greatly facilitate the exchange of place of metal 
atoms in the compact and, for instance, expedite the 
formation of a homogeneous solid solution of silicon 
in iron when the two metal powders are sintered 
together. 

Actually, the details of the activation mechanism 
must be very complex and will require much fur- 
ther study. However, very real improvements appear 
to be possible by such techniques. This opens up a 
new area for research in powder metallurgy and 
would seem to justify the best efforts of those who 
are wise in the ways of surface chemistry. 

The operation of sintering a mass of powder into 
a strong tough and dense body with all the desirable 
properties that are required in the finished part is 
an extremely complex one. The problem has many 
individual facets, all of which are interconnected in 


their action. Apparently it is not possible to conduct 
this operation without an atmosphere of some sort 
and it is important to learn more about the basic 
part which it plays. With all this complexity, one 
might marvel at the fact that sintered parts are as 
good as they usually turn out to be. But the very 
complexity should give strong assurance that a 
clearer understanding will, in the end, make them 
very much better. 


Discussion of this paper, if any, will appear in 
JOURNAL OF METALS, November 1956, and in AIME 
Metals Branch Transactions, Vol. 206, 1956 
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Surface Tensions of Silicates 


The literature dealing with the surface tension of molten silicates with composi- 


tions of metallurgical interest has been reviewed. Useful generalizations exist with 
ionic potentials and types of chemical binding. There are numerous applications to 


operating problems. 


silicates are of 


URFACE tensions of molten 
metallurgical importance for many 
From a knowledge of their values, an insight into 
the problem of liquid slag structure can be gained. 
Also, such problems as separation of slag from 
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metal, slag penetration of refractories, spreading of 
enamel coats on metals, bonding of cutting wheels, 
adsorption of gases, frothing of slags, and homogen- 
ization of slags are related to the surface tensions of 
the silicates. 

Because of the absence of a correlated review of 
the work that has been conducted in this field, the 
following survey is presented. It is not a complete 
summary of all the surface tension studies of sili- 
cates but only a review of the literature which is 
pertinent to metallurgical applications and research. 


Liquid Surface Tension 
The surface of a liquid differs from the interior in 
that its particles (ions, atoms, or molecules) are not 
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completely surrounded by neighbors as they are in 
the bulk. Because of the fact that there are no 
particles above those in the surface layer to satisfy 
the chemical or binding forces directed pcipendicu- 
larly and away from the surface, a net inward 
attraction results normal to it. 

Surface energy is the work which must be done 
against these inward attractive forces to bring 
particles from the interior to the surfece in the ex- 
pansion of surface area. From a thermodynamic 
point of view, surface energy is the energy of the 
system due to the fact that there is a surface. For 
liquids, the terms surface tension and surface energy 
may be interchanged. 

Because there is a tendency for every system to 
reduce its energy to a minimum, there is a difference 
in composition between the interior and exterior of 
a multicomponent liquid. The Gibbs’ adsorption rule 
states that the component with the lower surface 
tension will concentrate at the surface, thereby re- 
ducing the surface tension of the system. An approxi- 
mate form of the Gibbs equation for ideal dilute 
solutions is 


where ' is the excess surface concentration of the 
solute in mol per centimeter, c is the bulk concen- 
tration of the solute in mols, R is the gas constant: 
8.31x10" erg per °K per mol, T is the temperature in 
“K, and d/dce is the concentration coefficient of sur- 
face tension in ergs per square centimeter per mol. 
The final point to be considered before the 
methods of surface tension measurement are pre- 
sented is the influence of temperature upon surface 
tension. Generally, the surface tensions of liquids 
decrease with increasing temperature because the 
kinetic agitation of the surface particles and their 
tendency to fly outward from the surface increase 
as the temperature is raised. Thus, as the restrain- 
ing force on the surface particles decreases with the 
rise in temperature, so does the surface tension. At 
the critical temperature, where the meniscus be- 


tween a liquid and its vapor disappears, the surface 
tension vanishes. 

With increased thermal motion, the surface par- 
ticles may be disoriented or dissociated into simpler 
groups so that additional forces are unsaturated, 
which increase the surface tension. In addition, the 
excess surface concentration of the component with 
lower surface tension could decrease with increasing 
temperature if its evaporation or solubility in the 
bulk increased, thus raising the surface tension. All 
of the factors mentioned previously must be consid- 
ered before the effect of temperature upon surface 
tension can be explained. 


Methods of Surface Tension Measurement 

Drop-Weight Method—Quincke’ in 1868 and Til- 
lotson” in 1911 used the drop-weight method for 
measuring the surface tensions of glasses. This is 
based upon the observation by Tate‘ that the weight 
of a drop falling from a rod is proportional to the 
diameter of the rod and the surface tension of the 
material. 

A modification of the drop-weight method was 
presented in 1924 by Lecrenier,” who permitted 
drops of molten glass to issue from the orifice of a 
crucible rather than from the end of a rod. 

Sessile-Drop Method—Quincke’ in 1869 was the 
first to apply the sessile-drop method to a liquid at 
high temperatures. Through the use of an approxi- 
mation formula, he was able to calculate the sur- 
face tension of molten B,O, from the measurement 
of the dimensions of its stationary liquid drop rest- 
ing on a horizontal pedestal, i.e., from the diameter 
of maximum horizontal cross-section and maximum 
height of the portion of the drop above this plane. 
Detailed accounts of the use of this method and the 
approximate solutions appear in the excellent work 
by Ellefson and Taylor.’ 

Fiber-Weight Method—The origin of this method 
rests with Berggren,” who in 1914 heated a glass 
fiber and compared the length of the shrunken por- 
tion with that of the elongated part. In 1927, Tam- 
mann and Rabe’ heated a vertical glass fiber at a 
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Table |. Comparison of Surface Tension Results Obtained by Various Methods 
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Rod drop- weight Tillotson® 

Fiber-weight Keppeler 

Dipping-weight Washburn, Shelton, Libman” 
Dipping-cylinder Vickers” 

Max. bubble-pressure Parmelee, Badger, Williarms** 
Dipping-cylinder Babcock" 

Max. bubble-pressure Williams, Simpson” 

Max. bubble-pressure Parmelee, Harmon” 

Bulb Pietenpol™ 

Max. bubble-pressure Keppeler'* 

Crucible drop-weight Lecrenier 


Crucible drop-weight Morey” 


Fiber-weight Keppeler” 
Rod drop-weight Tillotson*® 

Dipping-cylinder Shartsis, Spinner, Smock™ 
Sessile-drop Quincke* 


Rod drop-weight Tillotson*® 
Dipping-cylinder Shartsis, Spinner™ 
Crucible drop-weight Appen* 

Max. bubble-pressure 
Sessile-drop Eliefson, Taylor” 
Dipping-cylinder King” 


Rod drop-weight Tillotson*® 

Dipping-cylinder Washburn, Shelton, Libman” 
Dipping-cylinder Shartsis, Spinner™ 

Max bubble-pressure Lyon* 

Max. bubble-pressure Williams, Simpson” 
Crucible drop-weight Appen*= 

Dipping-cylinder Vickers" 

Max bubble-pressure Vickers” 
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c dy 
| (1) 

RT dc 

isu 
167 
265 
304 
304 
305 
307 
310 
310 
405 
470 
Approx. 700°C 
Apprex. 200°C 
140 
286 
290 
206 
298 
315 
Apprex. 1200°C 
: 136 
162 
281 
288 
291 
292 
321 
355 
$$$ 


predetermined position to a particular temperature 
if the weight of the fiber below the point at which 
heat was applied was too great for surface tension 
to support, this portion extended; whereas, the 
heated portion was drawn up into the rod in a 
spherical form if the surface tension was greater 
than the force due to the weight of the fiber below 
the heated position. At the point at which neither 
extension nor contraction of the heated portion oc- 
curred, the fiber was sectioned; and surface tension 
was calculated from the weight of this length 

Maximum Bubble-Pressure Method—Although 
the theoretical basis for this method was established 
as early as 1851 by Simon” and 1891 by Cantor, 
Jaeger” in 1917 was the first to apply it to high tem- 
perature measurements of viscous liquids. He meas- 
ured the pressure required to cause a bubble of 
nitrogen to break away from the end of a platinum 
capillary tube which was immersed to a given depth 
in the liquid medium. This pressure was a result of 
surface tension and hydrostatic head which oppose 
the bubble formation. 

Dipping-Cylinder Method—In 1924, Washburn, 
Shelton, and Libman” developed a method based 
upon that of Wilhelmy” in which they suspended a 
hollow platinum cylinder from a sensitive spiral 
spring which was made to contact the surface of the 
molten glass by raising the crucible. After contact 
was made, the crucible and its contents were low- 
ered; and the spring was extended until its resultant 
vertical force balanced the surface tension This 
extension, along with the spring constant, the cir- 
cumference of the cylinder, and the contact angle 
between the liquid and the cylinder, enabled the 
calculation of surface tension 

Bulb Method—In 1936, Pietenpol” adapted the 
soap-bubble method to the measurements of the sur- 
face tensions of molten glasses. Here the pressure 
within a bulb is balanced against a small head of 
liquid within a manometer. A thin glass bulb was 
blown on the end of a tube which was attached to a 
manometer. The bulb and tube assembly were 
heated to a particular temperature in a furnace and 
the excess above atmospheric pressure was recorded 
This pressure was due to the surface tension of the 
glass which opposed expansion of the bulb 

Comparison of Methods—As can be seen in Table 
I, where the surface tensions* of various liquid sili- 


* These values represent the interface between the liquid and air 


inless specified otherw is« 


cates measured by the different methods are com- 
pared, the best agreement is reached among the 
values obtained with the maximum bubble pressure, 
dipping cylinder, sessile-drop, and crucible drop- 
weight methods. The high surface tensions of the 
73 pet SiO,-10 pet CaO-17 pet Na.O composition ob- 
tained by Lecrenier’ and Morey” with the crucible 
drop-weight method are ascribed to too rapid form- 
ation of drops. Using the same technique but form- 
ing the drops more slowly, Appen”™ secured values 
for the Na,O-SiO, melt which agree with those of 
investigators who used other methods 

The surface tensions of the 67 pct SiO.-33 pet 
Na.O slag listed by Vickers” disagree with the 
others. High values result for viscous liquids with 
the maximum bubble-pressure method when the 
bubbles are blown too rapidly. An assumption of 
too low a contact angle might be the explanation for 
the high surface tension obtained with the dipping- 
cylinder method 
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Fig. 1—Lines and data points show the variation of surface 
tension of pure oxides with ionic potential at 1400°C. 

The surface tensions obtained by Washburn et al.” 
with the dipping-cylinder method are too low be- 
cause they assumed incorrectly zero contact angles 
between the melts and cylinder, i.e., complete wet- 
ting of the cylinder by the liquid when this was not 
the case. Ellefson and Taylor’ showed experiment- 
ally that the contact angle between platinum and 
Na,SiO, in the presence of N, was 60° instead of 0°. 


Although the contact angle between the molten sili- 
cate and platinum in the presence of air might be 
different from 60°, it is probably not 0 

Table I shows that the values obtained by Tillot- 
son’ with the rod drop-weight method and by Kep- 


peler’ with the fiber-weight technique are about 
half the accepted ones, These inaccuracies are prob- 
ably due to the failures of the theories upon which 
the methods are based 

The maximum bubble-pressure method has been 
used more extensively for the measurement of the 
urface tension of glass than any other single method, 
Of the acceptable means, it is the simplest and prob- 
ably the most accurate if the proper precautions are 
taken in its application to slag measurements; these 
precautions are a slow rate of bubble formation and 
the selection of tubes from material which the slags 
wet at least partially. This latter consideration is 
necessary because the bubbles break away from the 
inner radius only when the tube is wet by the 
medium, i.e., when the contact angle is greater than 
90°, the bubbles break away at positions intermedi- 
ate between the inner and outer radii. Thus, the 
effective radius of the tube, iLe., the bubble radius, is 
difficult to determine under these conditions. 

The dipping-cylinder method or modifications of 
it are quite suited to measurements of the surface 
tensions of slags. Although the apparatus required 
is more complicated than that for the maximum 
bubble-pressure method and the measurements are 
more time-consuming, it has been used fairly ex- 
tensively and satisfactorily, as described in Table I 

In review, the most suitable methods for the meas- 
urement of slag surface tensions are the maximum 
bubble-pressure, dipping-cylinder, crucible drop- 
weight, and sessile-drop methods in order of de- 
creasing suitability. The criteria upon which these 
selections were based are accuracy of results, rapid- 
ity of measurement, simplicity of apparatus, and 
ease of analysis of the experimental data 


Results of the Surface Tension Investigations 
Slag Constitution—Like viscosity and electrical 
conductivity, surface tension is a slag property 
which has aided the development of the structural 
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Table Surface Tensions of Various Substances 


Surface Tension, 


Temperatere 
Dyne per Cm 


Reference 


Metallic 
Ni 1615 in He 1470 28 
Fe 1560 in He 1550 28 
Ca 600 500 29 
Covalent 
FeO OBA 1400 30 
580 2050 31 
Cus* 410in A 1130 32 
Slag 
MnO 810, 415 1570 27 
CaO BIO, 400 1570 27 
NaO 810, 284 1400 24 
lente 
Ligo 220 860 12 
CaCl’ 1456 in A 800 32 
cucl* A 450 32 
Molecular 
76 0 33 
s 56 120 
POs 37 “ 33 
29 0 35 


* These values were obtained by the authors, using the maximum 
bubble-pressure method with argon. The melts were contained in 
alumina crucibies 


picture of molten silicates. Table II shows the re- 
lation between bond types in liquids and their sur- 
face tensions. The highest surface tensions accom- 
pany the strongest binding, e.g., nickel; whereas, the 
lowest surface tensions accompany the molecular 
liquids, e.g., CCl,. It is evident that the surface ten- 
sions of the molten binary silicates lie between the 
ionic and covalent types and, indeed, both types are 
believed to exist. 

Correlations between the experimental surface 
tensions and those calculated by use of surface ten- 
sion factors of oxides and the ionic potentialst of 

t lonie potential, Z/r, ia a measure of the binding force between 
the cation and some anion, where Z is the valence of the cation 
and te ite radius 
the cations appear in Table III and Fig. 1. Although 
Dietzel” and Lyon” calculated surface tension factors 
for oxides from their contributions to the surface 
tensions of multicomponent glasses, their data are 
not used here for reasons which will be presented 
after their methods are described. 


500 a Mn0-Si02 
~ 
400 
oO 
“na 
= 300 
= oe No,0-Si02 
oor” K20-Si0» 
200 
PbO-Si02 
” 
0 20 40 60 80 100 
Mol Per Cent S:O2 


Fig. 2—Variation of surface tension with silica content at 
1570°C is plotted. Symbols on the graph represent data of 
vorious investigators: triangles, King;” squares, Shortsis and 
Spinner;” and circles, Shartsis, Spinner, and Smock.” 
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From the surface tensions and compositions of 


several multicomponent glasses, Dietzel calculated 


the surface tensions of the constituent oxides by 
solving simultaneous equations of the type 


y MF, + + ------ + [2] 


where y is surface tension, M, is mol percent of the 
i” component, and F, is its surface tension factor. 
This expression has an empirical basis. 

The method used by Lyon involved averaging the 
compositions and surface tensions of many of the 
same glasses that Dietzel used to obtain a single 
composition and surface tension. Then by trial and 
error, he obtained surface tension factors of the 
separate components, which when substituted into 
the various compositions yielded the least standard 
deviation from the experimental values and which 
calculated exactly the surface tension of the aver- 
age composition. These values agree with those of 
Dietzel. 

Probably because they calculated factors for com- 
ponents which were minor constituents in the glass, 
they obtained some unreasonable values. Dietzel’s 
factors for PbO and V,O, are negative. His factors 
for K,O, TiO,, and CaO seems too small from a con- 
sideration of measured slag surface tensions, and his 
factor for B,O, is much larger than the experimental 
value. Although his factors yield surface tensions 
which are in fair agreement with the measured 
values for glasses in the same composition range as 
that from which he made his calculations, they do 
not work successfully for other compositions. For a 
slag whose composition in weight percent is 35.5 wt 
pet SiO,, 12.5 wt pet AL,O,, 42.0 wt pct CaO, 8.4 wt 
pet MgO, and 1.6 wt pct FeO, Sauerwald” obtained 
a surface tension of 495 dyne per cm at 1545°C with 
the maximum bubble-pressure method. Using the 
temperature corrected factors of Lyon, which are 
similar to those of Dietzel, and an equation similar 
to Eq. 2 but expressing the composition in weight 
percent, the following calculation is made 


y 35.5 + 12.5 Pai, + 42.0 + 8.4 Fugo 4 
1.6 Freo = 35.5(3.23) + 12.5(5.75) + 42.0(4.92) 4 
8.4(5.29) + 1.6(4.3) 455 dyne per cm 


This calculated value does not agree with the ex- 
perimental value. 

Because of these reasons and the recent avail- 
ability of new surface tensions for binary silicates 
and pure oxides, the data which appear in Table III 
and Fig. 1 were compiled and calculated. The fac- 
tors listed were obtained by solving two simultane- 
ous equations similar to Eq. 2, utilizing the surface 
tension data whose references occur in Table III. 
Only for BaO and CaO were data from ternary 
compositions used, and here the experimental value 
for Al,O, was used to confine the problem to the 
solution of two equations for two unknowns. The 
value for ZnO was obtained from the binary borate, 
so it differs from the others which were all obtained 
from silicates. It is interesting to note that the ex- 
perimental and calculated values agree for FeO and 
PbO. In addition, the values for CaO calculated from 
independent measurements are in accord. The low 
value obtained for SiO, may be attributed to the 
fact that it was obtained from data on low silica 
binaries. Although the relations between surface 
tension and silica content for FeO, CaO, MgO, and 
MnO, are linear in the investigated compocition 
ranges they may deviate from linearity at higher 
or lower silica contents. See Fig. 2. Thus, linear 
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| 
substance 
| 


Surface Tension Factors, 
Dynes per Cm 


Oxide 


KO 0.75 168 156 


Na,O 1.02 308 297 
LiyO 1.28 420 403 
BaO 1.40 166 
PbO 1.51 140 140 
PbO* 1.51 138° 140° 
1.89 602 86 
CaO 1.89 86 
MnO 2.17 653 641 
ZnO 2.38 550 540 
FeO 244 570 560 
FeO* 244 584° 
MgO 2.56 512 
ZrO 4.55 470 
AlwOr 5.26 6401 640} 
Tio 6.25 
10.2 285 286 
SiO. 10.2 181 203 
14.3 33.6° 96; 


* This is an experimental value 
Figure was calculated by A. Dietzel 
t Value was extrapolated from the experimental value 
§ The values given represent averages calculated from high SiO 
= The values given represent averages calculated from low 810 


Table !!1. Calculated Surface Tension Factors of Oxides 


Reference for Data 
Used in Calculation 


Oxide Range 


Slag System Mol Pet 


to 17 


Nad)-S1O0¢ 49 to 20 24 
LieO-SiO,y 46 to 29 24 
50 to 42 
PbO-S10, 83 to 35 23 
PbO 100 23 
CaO0-Si0, 50 to 39 27 
CaO-SiO, 50 to 34 
MnO-SiO, 67 to 48 27 
ZnO0-BO, 67 to 52 23 
FeO-SiO, 77 to 60 27 
FeO 100 w 
MgO-SiO 51 to 46 27 
Na,O-S10,-ZrO O a7 
AlwOs 100 
0 
Binary-Si0 83 to 50 24 
Binary-Sio 50 to 33 27 
100 23 


binary 
binary 


extrapolations may not yield the true surface ten- 
sion contribution of silica 

Using these values and the composition of the 
previously mentioned slag expressed in mol frac- 
tions, the following calculation of its surface tension 
at 1400°C may be made 


0.07 (640) 0.45 (608) 
0.01(570) 


y 0.35(285) 
0.12(512) 


y ~ 487 dyne per cm. 


This calculated value is in accordance with the ex- 
perimental 495 dyne per cm 

The authors realize that the calculation of the 
surface tension of one slag is scarcely sufficient to 
establish the accuracy of these surface tension fac- 
However, the fact that these factors yield a 
surface tension 


tors 
value closer- to the experimental 
than the factors derived from glasses is a point in 
their favor. This is especially true, since the factors 
are used to calculate the surface tension of a slag 
completely independent from those from which the 
factors were derived 

Fig. 1 shows the distinct relationship between the 
surface tension factor of an oxide and the ionic po- 
tential of its cation. As the ionic potential of the 
cation increases from 0.75 for K* to 2.17 for Mn”, 
the surface tension contribution at 1400°C increases 
from 156 to 653 dyne per cm. Ions on this branch of 
the curve behave as basic cations in molten silicates, 
i.e., they yield their O* to the Si* and appear in the 
interstices between complex silicate anions. The 
basicity of the oxides on this branch decreases as the 
series is traversed from K,O to MnO, i.e., the K’ gives 
up its O* more readily than the Mn” because the 
K-O bond is weaker than the Mn-O bond. The sur- 
face tension contribution of K,O is less than MnO for 
the same reason. 

As the ionic potentials increase above 2.4, the 
factors decrease until the lowest is reached for B,O, 
at an ionic potential of 14.3. Ions along this branch 
of the curve are anion formers because of their 
strong cation-oxygen attractions, i.e., they take up 
the O* from basic cations and form complex anions 
The O 
tively strong cations by shielding a high proportion 
of the charge. As the ionic potentials increase, the 
ions become stronger polarizers and expend more of 


reduces tension contributions of these rela- 


TRANSACTIONS AIME 


their unsaturated fields in deforming the valence 
orbit of the O°. As a result, the contributions to 
surface tension decrease as the ionic potentials in- 
crease on this branch 

It is also observed from this plot that the points 
for Mg”, Al”, and Fe” lie near the intersection of the 
curves. These ions may behave as cations or anion 
formers. In explaining the seemingly low surface 
tension of FeO, Kozakevitch” postulated the pres- 
ence of Fe” and thus the possibility of complex 
anions containing Fe" and O It may be that an 
explanation similar to this is also valid for mixtures 
containing Al,O, or MgO; however, there is insuffi- 
cient evidence from surface tension data to conclude 
what types of complexes are present. 

Fig. 2¢ is presented to show the effect of SiO, ad- 


t Figs. 4 and 2 are somewhat similar to those appearing in ref. 40 


ditions upon the surface tensions of binary systems 
containing basic oxides. Silica lowers the surface 
tensions of MnO, CaO, FeO, MgO, and Li,O, i.e., SiO, 
is surface active in these binary systems. In these 
cases, the contribution of the complex silicate anion 
to the surface tension is less than that of the basic 
cation. On the other hand, PbO and K,O are surface 
active in binary silicate melts, i.e., their cationic con- 
tributions to the surface tension are less than those 
of the silicate anions. These facts are shown more 
clearly by Fig. 1, the data for which were obtained 
in part from Fig. 2 


600, AlgOs 
E 
CeO 
ssc 
550 
c 
300 
c 
4450 
2 480 °C) 

400 
4 2 6 20 24 26 
Additions To FeO At 1400 °C (Mol%) 
Fig. 3—Curves show the relation between surface tension and 
composition for binary FeO systems at 1400°C, after 


Kozokevitch.” 
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Fig. 4—Relation between ionic potential and temperature 
coefficient of surface tension for metasilicates is plotted. 
Symbols represent data from various investigatiors: diamonds, 
King;” squares, Shartsis, Spinner, and Smock;” and circles, 
Shartsis and Spinner.“ 


In Fig. 3, the effect of various additions upon the 
surface tension of FeO is shown. It is seen that 
P.O,, Na,O, SiO,, and TiO, lower the energy of the 
binary FeO systems, as predicted by their contribu- 
tions in Fig. |. The minimum in the CaO curve and 
the trend toward minima in the MnO and TiO, are 
difficult to explain 

Fig. 4§ shows that the temperature coefficients of 


' Fig. 4 ls similar to one appearing in ref. 40 


surface tension of the metasilicates become more 
positive as the ionic potentials increase. T. B. 
King” observed from his data that the tendency 
for temperature coefficients to become more positive 
increased with SiO, content to a greater extent for 
the cations with higher ionic potentials 

King attributed the increase of surface tension at 
high temperatures to the dissociation of complex 
silicate anions. The extent of the breakdown was 
assumed to be greater in the case of higher cation- 
oxygen attraction because more of the higher com- 
plexes are present. If increased thermal agitation 
could dissociate the complex silicates, this mech- 
anism would explain why the coefficients were more 
positive at the higher SiO, contents also 

Desorption of the excess surface active material 
at higher temperatures can affect an increment in 
surface tension. King reasoned that the effect of 
silica upon the surface tensions of the various sili- 
cates was too small to permit a slight desorption of 
the already low excess to account for all of the ab- 
normal behavior. However, the following consid- 
erations should not be overlooked: Since the most 
positive temperature coefficients are obtained with 
the silicates whose surface tension-composition 
curves are the steepest and since the abnormal be- 
havior increases with silica content, it does seem 
that desorption is important. It is interesting that 
the miscibility gaps in the temperature-composition 
diagrams widen as the ionic potentials of the basic 
cations increase. The presence of miscibility gaps 
attests the limited solubility of SiO, in the binary 
melts. In the case of the most limited solubility, it is 
expected that the solute will concentrate most at the 
surface, e.g., the MgO-SiO, melt. An increase in 
temperature would decrease the surface concentra- 
tion of SiO, most in this case and thus cause the 
greatest increase in surface tension. Where there is 
almost complete miscibility, the temperature coeffi- 
cients are negative, e.g., K.O—, Na,O-—, Li,O-—-SiO, 
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Thus, surface tension measurements have shown 
that there is a relation between cation-oxygen 
attraction and surface tension and its temperature 
coefficient. From this and from the comparison be- 
tween type of binding and surface tension, the ionic 
nature of silicate melts is indicated 

Relations to Operating Problems-——In addition to 
the structure information on slag, surface tension 
investigations have afforded some practical infor- 
mation. From his investigation of the silicates, Ko- 
zakevitch” concluded that the surface of an open 
hearth slag should be rich in adsorbed SiO,, since 
SiO, is surface active in this composition range. 
Then, because SiO, increases the viscosity of a slag, 
the surface should be extremely viscous; and the 
stability of the foam on open hearth slags during 
carbon elimination could be explained. T. B. King’ 
objected to this explanation on the basis that the 
excess is insufficient to make the surface more vis- 
cous than the bulk. 

A. E. J. Vickers” observed that the condition of 
the furnace atmosphere influenced the rate at which 
slags corrode refractories. Using a 33 wt pct Na,O 
and 67 wt pct SiO, glass, he observed a tremendous 
decrease in surface tension when NH,, H.O, or H 
instead of air provided the atmospheres above the 
glass. Hydrogen reduced the surface tension most 
He attributed these effects to the increased solubili- 
ties of these gases in the glass over that of air 
G. Tammann’ had observed the same reduction of 
the surface tension of glass by H,.O and attributed 
this to the adsorption of the hydroxyl ion. It is 
evident from these investigations that hydrogen in 
any form reduces the surface tensions of silicates 
and may increase the wetting of the refractories, 
which increases their deterioration. Also, worthy 
of note is the possible use of surface tension meas- 
urements to determine the relative solubilities of 
N,, H,, H,O, and SO, in slags. From such an investi- 
gation, the proper selection of slags with regard to 
limiting the transfer of gas from the atmosphere 
through the slag to the metal could be simplified. 

The working and pouring characteristics of slags 
with low viscosity are controlled by their surface 
tensions. Parmelee and Lyon” made the qualitative 
observation that slags with high surface tensions but 
low viscosities tend to form spherical masses and do 
not pour freely. Thus, where the metal must be 
covered and the slag must pour freely, a slag of low 
surface tension should be used; however, this might 
lead to an increased attack on the refractories be- 
cause they are wet more by the slags with lower 
surface tensions. 

W. B. Silverman” observed that the appearance 
and persistence of inhomogeneities in glasses are 
influenced by surface tension. When the surface 
tension of the inclusion was greater than that of the 
glass, the inclusion persisted; however, if its surface 
tension was less, it disappeared. Some of the diffi- 
culties in slag homogenization may be similar to 
this problem. 

These are only a few of the practical results that 
have evolved from surface tension investigations 
Many metallurgical phenomena are related to the 
surface tensions of slags; and, because this approach 
has yielded fruitful information in the few instances 
in which it has been used, it would seem that it is 
a method which should be used more widely 


Discussion of this paper, if any, will appear in 
JOURNAL OF METALS, November 1956, and in AIME 
Metals Branch Transactions, Vol. 206, 1956. 
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Surface Structure of Nonoxidizing Slags 


Containing Sulphur 


Application of surface tension measurements has been made to molten silicates in 
order to determine the effect of sulphur upon the surface tensions of synthetic blast fur- 


nace 


BaO, Ca 


In melts with the same molar rotios of Al,O, -|- SiO. to the basic oxides 
and MgO, the surface tensions increase in the order of oxides listed. Sulphur 


lowers the surface tensions of the basic BaO, basic CaO, acid BaO, acid CaO, and acid 
MgO slags in that order; and the concentration of excess sulphur at the slag surface in- 
creases in this same order of slags. The rate and amount of desulphurization of iron 
by these slags is favored by a low excess surface sulphur in the slag. 


by R. E. Boni and G 


N a previous paper,’ the authors discussed the ap- 

plications of surface tension measurements of mol- 
ten silicates to problems of metallurgical interest 
Of major importance is the aid that such studies 
lend to forming a working concept of slag structure 

Since the ability of a slag to desulphurize metal 
depends strongly upon its composition, funda- 
mental information about the structural differences 
between various slags which contain sulphur should 
aid the development of better desulphurizing media. 
For that reason, the present investigation concerns 
the effect of sulphur upon the surface tensions of 
synthetic blast furnace slags 
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Experimental Procedure 

The max:mum bubble-pressure method was used 
to measure the surface tensions of synthetic blast 
furnace slags in the temperature range 1300” to 
1600°C. The method is based upon the equation 
which was developed by Schrédinger’ from a con- 
sideration of the forces of hydrostatic pressure and 
surface liquid which oppose bubble 
formation when a gas is forced through a tube im- 
mersed in the liquid 


tension of a 


2rs, 
3(Hs ts,) 


l Ts, 
6 (Hs, — ts,) 


where y is the surface tension between argon and 
slag in dynes per centimeter; g is the gravitational 
constant, centimeters per second’; H is the mano- 
meter reading in centimeters; s, is the density of 
manometer fluid in grams per cubic centimeter; s, 
is the density of the medium in grams per cubic 


rg (Hs, — ts,) 
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centimeter; t is the depth of immersion of the tube 
in centimeters; and r is the radius of the tube open- 
ing in centimeters. The method assumes that the 
medium wets the tube sufficiently to permit bubbles 
to break away from the inner periphery of the tube. 
In addition, Parmelee et al.” have shown that the 
bubbles must be blown very slowly in highly viscous 
liquids in order to prevent errors caused by the 
hindrance of viscous forces to bubble formation. 

Fig. 1 is a schematic sketch of the apparatus used 
to obtain the measurements. It consists of a micro- 
meter and spring arrangement to lower the bubbler 
tube into the melt and a manometer for measuring 
the pressure developed as argon is admitted through 
the tube into the melt. A Meriam manometer oil is 
the fluid (s 0.824 g per cu cm at 20°C), and a 
machinist’s rule (0.01 in. divisions) is the mano- 
meter scale. An X6 traveling telescope is used to 
make the pressure readings. Because the tempera- 
ture of the room in which the measurements were 
taken was approximately constant and because the 
temperature coefficient of the manometer fluid was 
small, the manometer was not encased in a thermo- 
static jacket 

Copper tubing, “% in. diam, connects the Pyrex 
manometer circuit to the tube assembly and to the 
needle valve at the argon tank. With the aid of % 
in. Cu sleeves which are soldered to these terminals, 
the tubing is connected directly to the glass joints 
and valve with a minimum amount of rubber tubing. 
The Inconel tube, which threads into the graphite 


LETTER KEY 
A—manometer, B— 
machinist’s scale, 


| et C—crucible con- 


tents, D—Pyrex tub- 


| ing and stopcocks, 
| E—copper tubing 
| (1) ' leading to tube as 


sembly, F—copper 
tubing leading to 
needle valve on tank, 
«tie Ge—micrometer and 
support, H—brass 
coupling nut, 
spring, J—-Inconel 
+) tube, K—mullite tube 

st for atmosphere, L— 
thermocouple, protec 
tion tube, and graph 

ly] ite tip, M—high fre 
quency induction fur 
nace, N—supporting 
| vod and block, O— 
05°'0 | graphite bubbler tube 


Fig. 1—Apparatus for measurement of surface tension by 
maximum bubble-pressure method is shown in this two-part 
schematic diagram. Section | illustrates the general arrange 
ment, while details of the graphite tip at location O are 
shown in section 2 
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bubbler tube, is brazed into a threaded brass head 
which has a % in. opening to accommodate the 
copper tubing which leads from the manometer cir- 
cuit. A leak-proof junction between the manometer 
and bubbler tube circuits is obtained by means of 
a rubber washer arrangement between a brass head 
and cap. 

The slags were melted in graphite crucibles, 2 in 
ID by 2% in. OD by 4% in. inside height by 5 in. 
outside height, which were insulated from the high 
frequency induction coil by globular alumina. A 
cylindrical refractory brick with holes to accom- 
modate the bubbler tube, thermocouple sheath, and 
atmosphere tube was placed on top of the crucible 

Temperature readings were obtained by means of a 
Pt—Pt-10 pet Rh thermocouple in a mullite sheath, 
protected by a graphite tip on the portion immersed 
in the melt. The junction was placed near the bub- 
bler tip so that temperature measurements were 
representative of the bubble temperature. Period- 
ically, the thermocouple was calibrated against a 
standard couple in the temperature range 1300° to 
1600°C; and it did not deviate more than +1°C from 
the standard. 

Temperature control within +4°C was achieved 
through a variable resistor across the grids of the 
oscillator tubes of the high frequency induction 
generator. Very little adjustment of the power out- 
put was necessary during a surface tension measure- 
ment at a given temperature. 

The ternary slags whose compositions are reported 
in Table I were prefused from chemically pure rea- 
gents (0.01 pet maximum impurities) in low sulphur 
graphite crucibles. After the slag became molten, 
the melt was stirred with a graphite rod and held 
at 1500°C for 20 min to insure homogenization. 
Then, the slag was poured into a graphite dish and 
allowed to cool, whence a representative sample for 
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Fig. 2—Surface tension is plotted vs temperature for SiO,- 
Al,O,-alkaline-earth oxide slags. Numbers keyed to curves 
refer to slags so designated, Table |, in which compositions 
are given. 
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Table |. Compositions of Synthetic Blast Furnace Slags 
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Temperature (°C) 
Fig. 3—-Surface tension is plotted vs temperature for acidic 
CaO slags (designated No. 1) with 0 to 0.79 wt pct S added. 
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Fig. 4—Surface tension is plotted vs temperature for basic 
CaO slags (designated No. 2) with 0 to 1.46 wt pct S added 


chemical analysis was obtained. The major con- 
stituents of the slags were determined with stand- 
ard gravimetric analyses. 

Sulphur was added as CaS to the CaO slags, as 
MgS to the MgO slags, as BaS to the BaO slags, or 
through desulphurization of carbon-saturated iron. 
In the latter case, the slags were held for long times 
at 1500°C in graphite crucibles to reduce the FeO 
which resulted from the reactions 


+ (RO) > (RS) + (FEO). 10, 
where R is calcium, magnesium, or barium, Sulphur 
in the slags was analyzed by the combustion method 
with the Leco apparatus 
For a surface tension measurement, the desired 
slag composition was melted in a graphite crucible 
under an argon atmosphere (99.9 pct pure A with 
N, as the major impurity), with the tip of the bub- 
bler tube just slightly above the melt. At the de- 
sired temperature, the bubbler tube with argon (of 
the same purity) flowing was lowered until its tip 
contacted the surface of the melt. Contact was de- 
tected by the increased manometer reading caused 
by the obstruction at the tube opening. Approxi- 
mately 1% min were allotted per bubble. Readings 
of the maximum pressures were not recorded until 
maxima were observed over a 5 min 
This was necessary because some of the 
slags did not wet the graphite at first. As a result, 
very low maxima resulted because the bubbles 
broke away at the outer periphery of the tube 
rather than at the inner opening. Because a shorter 
time was required to attain constant maxima with 


consistent 
interval 
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Fig. 5—Surface tension is plotted vs temperature for acidic 
BaO slags (designated No. 3) with 0 to 0.74 wt pct S added 
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Fig. 6—Surface tension is plotted vs temperature tor basic 
BaO slags (designated No. 4) with 0 to 2.67 wt pet S added 


the acid slags, it was concluded that silicon carbide 
rather than a basic carbide was formed at the tube- 
slag interface. That the slag wet the carbide but 
did not dissolve it was exhibited by the constant 
maxima that were obtained after sufficient time 
elapsed to cover the tip of the tube with the carbide 
The waiting period was necessary only at the tem- 
perature of the initial measurement, and less time 
was required when the measurements were begun 
at 1550° rather than 1350°C. 

After a series of measurements were completed, 
the tube was removed from the apparatus and a 
slice containing the bubbler tip was cut. This was 
mounted on the micrometer stage of an X20 micro- 
scope, and the diameter of the tube opening was 
measured in several directions and averaged 


Results 
The surface tension-temperature results for the 
synthetic blast furnace slags without sulphur are 
presented in Fig. 2." For reference purposes, these 
* All surface tensions reported in this paper are for slag ve argon 


same data are plotted in Figs. 3 through 7 along 
with the results for sulphur-bearing slags. It is 
believed that the general consistency of the data, 
and their reproducibility on heating and cooling, is 
good indication of adequate experimental control of 
slag homogeneity and composition and temperature 
uniformity. No gas evolution from slag-graphite re- 
actions was observed at the temperatures reported 

The surface tension of 495 dyne per cm at 1500°C 
for the basic CaO slag No. 2+ agrees exactly with 


See Table I for the compositions which correspond to these slag 
designations: Nos. 1 through 5 
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the values for a similar slag obtained by Sauerwald, 
who also used the maximum bubble-pressure method 
with argon as the gas. This value is higher than the 
450 dyne per cm for the same slag against air meas- 
ured by King’ with the dipping-cylinder method 
The discrepancy may be due to the fact that oxygen 
and possibly nitrogen are probably surface active 
and therefore yield a lower slag-gas surface tension 
than the one reported vs an inert gas 

Surface tensions of the BaO slags (Nos. 3 and 4) 
at 1300°C are slightly higher than the value against 
air reported for a slag in their composition range by 
Appen and his co-workers,” who used the crucible 
drop-weight method. Thus, in both instances, there 
scems to be a lowering of the surface tension by ai: 
when compared to an inert gas 

Surface tensions were obtained both during heat- 
ing and cooling to check the reproducibility of the 
measurements and to determine whether the hys- 
teresis effect reported by King® for molten MnO-SiO 
is present in the ternary slags. He attributed the 
thermal behavior to the irreversibility of the struc- 
tural breakdown of the silicates. It is evident from 
Fig. 2 that the values obtained during cooling are 
the same as those for heating. Therefore, recon- 
struction of the complex silicate network on cool- 
ing is probably the exact reverse of the breakdown 
caused by increased thermal agitation on heating if 
such a process exists. However, definite evidence 
that the breakdown is temperature sensitive has not 
been offered so that this reversibility is certainly no 
proof of its existence 

Figs. 3 through 7 show that sulphur lowers the 
surface tensions of all of the ternary slags. In order 
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Fig. 7—Surface tension is plotted vs temperature for acidic 

MgO slags (designated No. 5) with 0 to 0.42 wt pct S added. 
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Fig. &—Curve and data points show the relation between sur- 
face tension and ionic potential of cation in acid-alkoline- 


earth oxide slags. 
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0.02 0,04 0.06 0.06 O10 0.12 
Bulk Sulfur Concentration (Mol %) 
Fig. 9—Surface tension is plotted vs bulk sulphur concentro- 
tion for five slags at 1500°C. Numbers keyed to the curves 
refer to slags so designated, Table |, in which compositions 
are given. 


of decreasing effect, sulphur lowers the values of 
the acid MgO (No. 5), acid CaO (No. 1), acid BaO 
(No. 3), basic CaO (No. 2), and basic BaO (No. 4). 

Although the slopes of the surface tension vs tem- 
perature relationships for most of the sulphurous 
slags are not much different from those of the base 
melts, there is one marked exception. The curve for 
the acid MgO slag (No. 5) containing 0.42 wt pet S 
exhibits a maximum at approximately 1450°C; see 
Fig. 7. This behavior is probably due to the desorp- 
tion of sulphur from the slag surface as the tem- 
perature is increased from 1350° to 1450°C. Since 
sulphur lowers the surface tension, i.e., it is surface 
active, a decrease in its concentration at the surface 
affects a rise in surface tension of the melt. 


Interpretation 

Fig. 8 shows that the increase in surface tensions 
of the acid slags at 1500°C parallels the rise in ionic 
potentials of the alkaline-earth cations. This be- 
havior is expected, since Z/r (Z is valence and r is 
cationic radius) is a measure of the binding force 
between unlike ions and surface tension is a result 
of unsatisfied binding forces of the surface ions. This 
general behavior is similar to that observed in binary 
silicates 

Fig. 8 may be interpreted also as a basicity plot 
where this quantity decreases as the ionic potential 
increases. Thus, Mg” is a weaker basic ion than 
Ca” or Ba The following very much simplified 
expressions are presented to facilitate the interpre- 
tation of this statement 


Ky 
3 Ba” + Si,O,” + 30° = 3 SiO.” + 3 Ba” 
Ka 
3 Ca” + Si,O,” + 30° — 3 SiO.” + 3 Ca” [2] 
Ks 
3 Mg” + Si,O,” + 3 O* =3 SiO. + 3 Mg”. 
Because the ionic potentials of the basic cations in- 
crease in the order Ba”, Ca”, and Mg”, these ions 
yield their O* ions to the complex silicate anions 
less readily in the same order. Thus 
k, > k, 
or approximately 
(SiO, ) | (SiO,*")* | 
(Si,0,*) ores Ses cies 
(SiO,")* 
(SiO) (COP) 
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Fig. 10—Excess sul- 
phur at the surfaces 
of the RO-AI,O,-SiO, 
slags at 1500°C is 
plotted. Numbers 
keyed to curves and 
data symbols refer to 
slags so designated, 
Table |, in which 
compositions are 
given. 
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The O ions of the basic cations are polarized 
jointly by the Si" and basic cations. A covalent bond 
of varying degree is formed between the basic cation 
and oxygen anion in the S10,” group depending 
upon the ionic potential of the cation. The bond 
formed between Mg” and O” in the SiO, radical 
is more covalent than that between Ba* or Ca” and 
the ion. 

Fig. 9 is a summary of the surface tensions at 
1500 °C presented in Figs. 3 through 7. It is evident 
that sulphur reduces the surface tensions of the 
basic BaO (No. 4), basic CaO (No. 2), acid BaO 
(No, 3), acid CaO (No. 1), and acid MgO (No. 5) 
slags increasingly in that order. 

So that this behavior can be explained, the S* 
anions will be assumed to replace the O* ions which 
are associated with the basic metal ions only, i.e., 
not the O” in the complex silicates. The S* ion be- 
cause of its greater size is more highly polarizable 
than O° so that in the presence of a strong polarizer 
like Mg” a more strongly polarized bond is formed 
between it and Mg” than between O* and Mg”. 
Therefore, the unsatisfied force about the MgS group 
is less than it is about the Mg-O bond. Thus, the 
surface tension, which is a result of the unsatisfied 
force fields about the surface ions, of the MgO-Al,O,- 
S10, is reduced by the introduction of S* ions. Be- 
cause Ca” and Ba* are weaker polarizers than Mg”, 
the Ca-S and Ba-S bonds are less covalent than the 
Meg-S bond. Therefore, the unsatisfied surface bonds 
of these melts are not affected as greatly by the 
introduction of S* ions. 

The assumption that the S* ions are associated 
with the basic cations only and not with the Si* ions 
is based upon the conclusions derived from two re- 
cent investigations. Richardson and Fincham”" found 
in the case of CaO-SiO, melts that the sulphur- 
holding capacity decreases by a factor of 630 as the 
molar fraction of CaO falls from 0.90 to 0.30. There- 
fore, they concluded that S* does nc. substitute for 
O”* bonded to two Si", i.e., in the acid complex Si,O,” 
Also, a nearly twofold increase should be expected 
as CaO is increased from 0.30 to 0.60 mol if S” re- 
places the O* in the SiO,” groups, since the number 
of O* associated with one Si* (SiO,” groups) in- 
creases proportionately. Instead, an elevenfold in- 
crease is realized at 1500°C. Hence, they concluded 
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Fig. 11—Bulk slag sulphur after | hr desulphurization is 
plotted vs excess sulphur at surface for 0.01 mol pct S in 
bulk at 1500°C. The following symbols refer to slags so 
designated in Table | (where compositions are given): circle, 
No. 1; squere, No. 2; upright triangle, No. 3; diamond, No. 
4; and inverted triangle, No. 5. 
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that S* ions replace the O* associated with the basic 
cations only. 

Fulton and Chipman” observed that sulphur in- 
creases the activity coefficient of SiO, in CaO-Al,O,- 
SiO, slags. They deduced that sulphur partially 
neutralizes CaO through replacement of the oxide 
ions by sulphide ions in the approximate ratio of 
one molecule of CaO per sulphur atom. 

The interpretation of the effect of sulphur upon 
the surface tensions of the synthetic blast furnace 
slags is facilitated further by the use of the Gibbs 
adsorption equation for dilute solutions 


dy 


RT de (3) 
where, in the present case, I is the excess concen- 
tration of sulphur at the surface in mol per cm’, c is 
the bulk concentration of sulphur in mol pet, R is 
8.315x10' erg per “°K per mol, T is the absolute tem- 
perature in “K, and y is the surface tension in erg 
per cm®. The data which appear in Figs. 10 through 
12 and in Table II were calculated by means of Eq, 3 
with the aid of plots similar to Fig. 9. Slopes of the 
curves, dy/dc, at various sulphur concentrations, c, 


Table I). Gibbs Adsorption Relations for Sulphur in Synthetic 
Blast Furnace Slags 


KReetproeal 
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of Excess, 
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Fig. 12—Excess sul- 
240— phur at slag surface 
+ for 0.01 mol pct S$ 
2 in bulk is plotted vs 
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were determined for several temperatures and ex- 
cess surface concentration of sulphur, I, calculated 

The excess sulphur ions at the surface are plotted 
in Fig. 10 as a function of bulk sulphur content for 
each of slag Nos. | through 5; also see Table II. This 
might be considered as a relative solubility plot if 
the reason for the excess concentration at the sur- 
face is incompatibility of sulphur with the bulk of 
the slag, the solubility of sulphur being greatest in 
the busic BaO slag (No. 4) and least in the acid 
MgO slag (No. 5). Experiments are necessary to 
confirm this hypothesis 

The reciprocal temperature coefficients of the ex- 
cess sulphur at the surfaces of the various slags are 
listed in Table Il. Generally, the greatest decrease 
in surface concentration with temperature rise tis 
observed for the acid MgO slag (No. 5) and the least 
decrease for the basic BaO melt (No. 4) 

On the basis that Fig. 10 is a relative solubility 
plot, the surface tension data were utilized to ap- 
praise the relative desulphurizing powers of the 
synthetic blast furnace slags. Both the amount of 
sulphur removed and the rate with which it | 
removed were considered in the appraisal of this 
quantity 

Desulphurization rate data for the CaO slags were 
available from the recent work by Derge, Philbrook, 
and Goldman." Comparable data for the other slag 
were obtained at 1500°C for new slag compositions 
by the same technique. 

In Table ITI and in Figs. 11 and 12, the final 
sulphur in the slags after desulphurizing carbon- 
saturated iron for 1 hr and the rate constants for 
desulphurization are presented as functions of the 
excess surface sulphur for 0.01 mol pet bulk S at 
1500°C. The curves show that the rate of desulphur- 
ization and the final bulk sulphur of the slag de- 


Table tl. Correlations of Excess Sulphur at the Surfaces of Slags 
vs Their Desulphurizing Powers 
at 6.01 Mel Pet Kw, Mel Sulphur in Slag 
S at 1500°C, lens per Cm’, after | Hr Desulpher- 
per Cm'xto Min ization, Mol Pet 
Acid MgO 164 22x10* 6 002 
Acid CaO 16.0 5.6x10¢ 0 005 
Acid BaO 2.4x10° 0 024 
Basic CaO +5 44x10" 0.028 
Basic BaO 25 3.1x10-¢ 0 090 


64—JOURNAL OF METALS, JANUARY 1956 


creases as the excess sulphur concentration at the 
surface increases, i.e., as the solubility of sulphur 
decreases. Thus, the slag which is the poorest sink 
for sulphur appears to offer the greatest resistance 
to its transfer from metal to slag. 

That sulphur has only limited solubility in these 
slags was suggested first by the observation of 
Holbrook and Joseph’ that sulphur accumulates at 
slag-metal interfaces. Prestrud” assumed that the 
amount of sulphur removed from blast furnace metal 
is proportional to the solubility of CaS in the slag 
components after the FeS has been reduced accord- 
ing to the reaction 


(FeS) + (CaO) + C~ Fe + (CaS) + CO. 


These observations are in accord with the explana- 
tion of the varying degrees of reduction of slag sur- 
face tensions by sulphur additions. 


Summary 

Based on the information now at hand, the fol- 
lowing points can be made: 

1—In melts with the same molar ratios of Al,O, 
+ SiO, to the basic oxides BaO, CaO, and MgO, the 
surface tensions increase in the order listed. This is 
the same order as the increase of ionic potentials 
for these basic cations. Thus, low surface tension is 
associated with high basicity. 

2—Sulphur lowers the surface tensions of the 
basic BaO, basic CaO, acid BaO, acid CaO, and acid 
MgO slags; the degree of lowering increases in the 
order listed. 

3—The concentration of excess sulphur at the 
slag surface increases in the same order as the sur- 
face tension, i.e., in the order listed in conclusion 2. 

4—-The excess sulphur at the slag surface is de- 
sorbed by increase in temperature. The amount of 
desorption parallels the increase in surface tension 
as listed in conclusion 2. 

5—-Both the rate and amount of desulphurization 
of iron by these slags decrease in the same order as 
listed previously, i.e., desulphurization is favored by 
a low excess surface sulphur in the slag (as com- 
pared to the bulk sulphur analysis) 
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news 


MIED To Have Award 


To recognize originality and lead- 
ership in teaching, and administra- 
tors who contribute materially to the 
advancement of mineral industry 
education, the Mineral Industry Ed- 
ucation Div. has set up a Mineral 
Industry Education Award. A prize 
of not less than $100 together with 
a suitable certificate of award is 
planned. A committee to select a 
suitable recipient for an award to be 
made at the forthcoming annual 
meeting has been named as follows: 
Cc. E. Lawall, Chairman; Allison 
Butts, 59; H. H. Power, '58; C. H. 
Behre, Jr., and C. L. Wilson, 
Income from a small principal fund 
collected several years ago will be 
used to finance the award. 


MED Volume Financed 


The special volume on mineral 
economics in the planning stage, by 
the Mineral Economics Div., has now 
been financed through establishment 
of an underwriting fund supplied by 
Henry T. Mudd, his mother, and 
sister. The volume will be a memo- 
rial to Harvey S. Mudd and will be 
one of the Seeley W. Mudd Series 
E. H. Robie will act as editor in chief 
of the volume. 


1956 Officers 
Declared Elected 


At the recent Board meeting, the 
officers of the AIME for 1956, and 
six other Directors named to take 
office for three year terms in that 
year, were officially declared elected. 
They are as follows: President Elect, 
Grover J. Holt; Vice Presidents, J. L 
Gillson and Lloyd E. Elkins; Direc- 
tors, G. F. Moulton, A. Fletcher, C. 
R. Dodson, C. R. Kuzell, F. J. Meek, 
and R. B. Caples. 


Acta Metallurgica 
To Receive Support 


Acting on a request from the 
board of directors of Acta Metallur- 
gica, the AIME Board has voted to 


become a sponsoring society by 
financially supporting the publica- 
tion. One fifth of the annual deficit 
of Acta will be met by AIME, but 
not to exceed $2000, half of which 
is to be taken from one of the en- 
dowed funds and half from the pri- 
vate funds of IMD 


Vote Approved For 
AIME Name Change 


The vote of the membership on 
changing the name of the AIME to 
the American Institute of Mining, 
Metallurgical, and Petroleum Engi- 
neers was overwhelmingly in favor 
of the proposal. Ballots were mailed 
to 22,864 members, Of these, 12,433 
or 54 pct approved, and 1026, or 4.5 
pet, were opposed. The new name 
will become official at the annual 
business meeting on February 21. 
The abbreviation of the name will 
continue to be AIME, but the em- 
blem—the member's pin—will be re- 
designed by adding a derrick typi- 
cal of the petroleum industry to the 
present crossed hammers 


Howe and IMD 
Lecturers Named 


Edmund S. Davenport, assistant 
vice president, technical research 
and technology, U. S. Steel Corp., 
has been selected to be the Howe 
Lecturer in 1957, at the Annual 
Meeting in New Orleans, 1957 

A. H. Cottrell, Harwell Labora- 
tories, England, has been invited to 
present the IMD Lecture at the An- 
nual Meeting in 1958. 


Dallas To Be Host For 
1963 Annual Meeting 


Formal acceptance has been given 
to the invitation of the Petroleum 
Branch to have the Annual Meeting 
of the AIME in Dallas, Feb. 17 to 22, 
1963. As already announced, the 
1957 meeting will be held in New 
Orleans, San Francisco in 1959, and 
St. Louis in 1961. In even-numbered 


years the meeting is held in New 
York. 


Blast Furnace Group 
Nominates Officers 


The Nominating Committee of the 
AIME Blast Furnace, Coke Oven 
and Raw Materials Committee has 
recommended the election of the fol- 
lowing officers for the terms stated: 
Chairman, 1 year, C. T. Marshall, 
general manager, coke and iron div., 
Pittsburgh Coke & Chemical Co., 
Pittsburgh; Vice Chairman, 2 years, 
J. W. Duncan, U. S. Steel Corp., 
Gary; Secretary, 1 year, R. L. 
Stephenson, U. S. Steel Corp., Mon- 
roeville, Pa.; Members Executive 
Board, 4 years, R, E. Powers, Kop- 
pers Co., Inc., Pittsburgh and Doug- 
las Joyce, Algoma Steel Corp., Ltd., 
Sault Ste. Marie, Ont., Canada. 


Rebate Voted For 
Student Chapters 


As an aid in financing the activi- 
ties of the Student Chapters of the 
AIME, the Board recently voted to 
rebate to each Chapter $1 of the 
$4.50 annual dues paid by each Stu- 
dent Associate member of the Chap- 
ter. The plan is effective Jan, 1, 1956 


It is believed that the rebate will 
not only assist in providing more 
and better Chapter meetings, but 


will encourage all students to affili- 
ate with their professional society 
while in college, 

The Board also discussed the sug- 
gestion that the designation Student 


Associate be changed to Student 
Member. Such a change, however, 
would require changes in the by- 


laws, insignia, and printed matter of 
the Institute. The effective date of 
the change was postponed until 
other changes can be made at the 
same time. 


Change in Nominating 
Committee for 1957 Officers 


H. Carroll Weed 
appointed to succeed P 
Honeyman as Alternate 
T. G. Chapman in District 8 


has been 
& 
for 
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Pittsburgh Section 


Eight technical sessions sponsored 
by the AIME National Hearth Com- 
mittee, Coal, IMD, and Petroleum 
Divs., constituted the tenth annual 
off-the-record meeting of the Pitts- 
burgh Section of AIME and NOHC 
The meeting was held at the Hotel 


William Penn, November 4, with 
registration reaching 860, a new 
record, 


Guests at the banquet attended by 
420 were H, DeWitt Smith, Presi- 
dent of AIME, who was introduced 
by R. D. Snouffer, Chairman of the 
Pittsburgh Local Section; L. F. 
Reinartz, Past President of AIME; 
H. G. Grim, Chairman of the Na- 
tional Hearth Committee; Ernest 
Kirkendall, Secretary of AIME; and 
R. W. Shearman, Secretary of the 
Metals Branch. Toastmaster was S 
J. Dougherty, Chairman of the 
NOHC Pittsburgh Section. John F. 
Elliott, associate professor of metal- 
lurgy, Massachusetts Institute of 
Technology and F. W. Luerssen, 
chief of refining research, Inland 
Steel Co., were presented the F. L. 
Toy Award. 

The Student Prize Paper Award 
was presented to Lowell Steinbren- 
ner, Carnegie Institute of Technol- 
ogy. Donald MacFarlane, winner of 
L. F. Reinartz Scholarship at CIT, 
was introduced at the diniuer. At 
the dinner, Robert A. Charpie, as- 
sistant director of the Oak Ridge 
National Laboratory spoke about 
the achievements of the Geneva 
conference on atomic energy and 
the understanding between men and 
governments that resulted. His con- 
clusion was that the world will 
probably realize an era of peace for 
many year to come 

The basic open hearth group held 
a joint metallurgy and operating 
session discussing desulphurization 
of hot metal, desciliconization of hot 
metal; alurninum killed steels for 
deep drawing, bath temperature 
control and ingot surface studies. 
Productivity vs Refractory Con- 
sumption was the topic of the refrac- 
tories and combustion session. 

The acid open hearth session in- 
cluded studies of vacuum casting of 
large ingots and aluminum in acid 
open hearth steels 

The Coal Div., discussed indus- 
trial engineering, water clarification, 
belt conveyors, and roof supports 


IMD reported on the theory of dis- 
locations, fatigue of iron, oxidation 
of high-temperature alloys, corro- 
sion, and precipitation hardening. 
The Petroleum Div. included dis- 
cussions of drilling operations and 
the storage and disposal of liquids 
underground 

General Chairman and AIME Pro- 
gram Chairman was R. J. Murdy, 
N. Y. State Natural Gas Co. and the 
committee consisted of J. E. Elkin, 
E. M. Pohoriies, and E. J. Dulis. 
NOHC Program Chairman was E. B. 
Snyder, Wheeling Steel Corp., and 
members of the committee were H. 
B. Emerick, E. E. McGinley, R. M. 
Barnhart, and B. L. Dorsey. 


Buffalo NOHC Section 

The Royal Connaught Hotel, 
Hamilton, Ont., Canada was the 
scene of the 1955 annual meeting of 
the Buffalo NOHC Section. During 
the morning of November 15, Do- 
minion Foundries & Steel Ltd., was 
host to 175 members and guests. The 
new oxygen steel plant and the 
continuous galvanizing line were 
toured. In the afternoon a technical 
session was held. Furnace operation 
and combustion, pouring and pit 
practice, and steel quality problems 
were discussed. Registration for the 
meeting was 233 with 208 attending 
the annual banquet 

The following officers were elected 
for a two year term and took office 
following the banquet: Chairman, 
J. L. Walton, superintendent of 
open hearts, Lackawanna plant, 
Bethlehem Steel Co.; Vice Chair- 
man, J. R. Atkinson, Dominion 
Foundries & Steel Ltd.; and Secre- 
tary-Treasurer, H. A. Morlock, dis- 
trict sales manager, General Re- 
fractories Co. 


Chicago Section 

The Chicago Local Section was 
host on Nov. 9, 1955 to 94 students 
and professors from schools of 
mining and metallurgy in nearby 
universities. The visitors toured 
three integrated steel plants in the 
Chicago area, and were guests of the 
AIME at the monthly dinner. 

Representatives from Purdue Uni- 
versity, Universities of Wisconsin 
and Illinois, Illinois Institute of 
Technology, and at Navy Pier in 
Chicago attended. Groups visited 
the South Chicago plant of Republic 
Steel Corp., the Indiana Harbor 


Apr. 15, 1956, is the deadline for papers that are to be presented 
at the Institute of Metals Div. Fall Meeting in Cleveland, Oct. 8 to 
10, 1956. Papers received by this deadline but requiring revision 


may not be processed in time to permit scheduling for this meeting. 
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plant of Inland Steel Co., and the 
South Works of the U. S. Steel Corp. 

David Moore, director of the Uni- 
versity of Chicago Executive Train- 
ing Program, spoke on The Unhappy 


Engineers at the Section dinner 
meeting. He presented results of ex- 
tensive sociological research com- 
paring attitudes of engineers with 
those of other types of industrial 
employees. 


Connecticut Section 


The second meeting of the Con- 
necticut Local Section for the 1955- 
56 season was held at the Bridge- 
port Public Library Auditorium on 
Nov. 9, 1955. 

After introductory remarks by W. 
E. Milligan to the 35 members and 
guests, the meeting was turned over 
to Albert I. Blank who is Vice 
Chairman of the Section. Donald W. 
White, Jr. supervisor, materials 
and processes, Knolls Atomic Power 
Laboratory, General Electric Co., 
speaker for the evening, discussed 
Metallurgy for Nuclear Reactors. 

Visual evidence of the damage 
caused by neutron radiation in the 
fuel elements of reactors for power 
generation was observed in the first 
of a series of slides shown during 
Mr. White’s talk. Cylindrical speci- 
mens of uranium had elongated in 
axial direction to several times the 
original length as the result of 
neutron radiation. 

Dimensional stability is but one of 
several problems involved in the 
selection of materials for nuclear 
reactors. Mr. White briefly discussed 
other factors to be considered such 
as over heating of fuel material, 
thermal stresses produced in the 
protective material surrounding the 
fuel elements, and the corrosion of 
the can material. 

The talk was concluded by a short 
movie designed to explain nuclear 
reactions in simple terms, and to 
show the peacetime uses of atomic 
energy. 


Southern California Section 


Edward A. Loria, a staff metallur- 
gist with Crucible Steel Co. of Amer- 
ica, recently addressed the Southern 
California Section at its fall meet- 
ing in Los Angeles. 

Speaking on Stainless Steels for 
Aircraft Structures, Mr. Loria dis- 
cussed the performances of new 
Crucible austenitic and ferritic steels 
on the basis of the aerodynamic 
heating problem that arises in high 
speed flight. Outstanding properties 
of the steels were emphasized and 
direct comparison made with other 
materials which might be considered 
for such applications. 
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Nuclear Metallurgy Symposium High Point 
Of IMD Fall Meeting 


HE Institute of Metals Div. Fall 

Meeting held at Hotel Adelphia, 
Philadelphia, on October 17 to 19 
was unusually successful this year, 
attracting more than 800 registrants. 
A total of 60 papers were presented 
at 12 sessions. In addition, brief 
summaries of “research in progress” 
were given at an opening session on 
Monday of the meeting 


Symposium on Nuclear Metallurgy 

A Symposium on Nuclear Metal- 
lurgy, arranged by J. H. Fryre, Jr., 
was conducted on Monday after- 
noon and evening. Papers at the 
afternoon session were given by 
E. R. Jette on Plutonium Metal, by 
H. A. Wilhelm and B. A. Rogers on 
Physical Metallurgy of Thorium, 
and by F. G. Foote on Physical Met- 
allurgy of Uranium. D. H. Gurinsky 
and A. R. Kaufman served as Chair- 
men of the session. 

In the evening, with no other ses- 
sions to conflict, a large number of 
people turned out to hear A. M. 
Weinberg of Oak Ridge National 
Laboratory discuss Power Reactors 
After an intermission, at which time 
refreshments were served, J. B 
Howe of North American Aviation, 
Inc. spoke on Problems in Materials 
for Atomic Power. All of these 
papers were made avaliable in a 
125-page booklet entitled Nuclear 
Metallurgy, available to all regi- 
strants at a nominal cost 


Symposium on Titanium 

On Tuesday, the Fourth Annual 
Symposium on Titanium was con- 
ducted at morning and afternoon 
sessions. The keynote address at the 
morning session was given by H. H. 
Kellogg, chairman of the Titanium 
Advisory Committee, Office of De- 
fense Mobilization. A paper by D. J 
McPherson of Armour Research 
Foundation, was given on Present 


Status of Titanium Development. 
Panelists included S. A. Herres, L. 
S. Busch, V. W. Whitmer, D. W 
Kaufman, and Harold Margolin. The 
third talk was on Status of Titainum 
Fabrication and Use (a Report of 
the Dept. of Defense, Titanium 
Steering Committee) presented by 
J. H. Garrett, Office Assistant Secre- 
tary of Defense. Panelists discussing 
this paper included Lt. Col. L. W. 
Herway, J. J. Harwood, N. L. Reed, 
and C. B. Voldrich. 

At the afternoon session, the first 
paper was on Background for Prac- 
tical Heat Treatment of Various 
Titanium Alloy Types by P. D. Frost 
of Battelle Memorial Institute 
Panelists included W. L. Finlay, B 
Molander, S. Abkowitz, William Ros- 
toker, and H. J. Middendorp. The 
last paper of the symposium, by Col 
B. S. Mesick, retired, Arthur D 
Little, Inc., was very fittingly en- 
titled Future Use Pattern for Tita- 
nium, The panelists were L. Shapiro, 
C. W. Alesch, W. Sharp, A. T 
Mociun, and V. Kudryk. Arrange- 
ments for the Titanium Symposium 
were made by J. H. Jackson, L. S 
Busch, and L. Schapiro 


Joint Symposium on 
High-Temperature Alloys 


Wednesday 
Symposium on 


featured the Joint 

High-Temperature 
Alloys, sponsored jointly by IMD 
and Metals Engineering Div. of 
ASME. Interest in high-temperature 
alloys brought record breaking 
crowds to both the morning and 
afternoon sessions. Separate sessions 
reviewed materials for use up to 
1250°F, and for use above 1250°F 
In the first category were papers on 
Alloy Design of Material up to 
1250°F by J. W. Freeman, Univer- 
sity of Michigan; Stability of Alloy 
Steels by A. B. Wilder, E. F. Ket 
terer, and D. B. Collyer, National 


Tube Div., U. S. Steel Corp; and 
Some Practical Aspects of High- 
Temperature Design Below 1250°F 
by E. C. Chapman, Combustion En- 
gineering, Inc, At the second session 
papers were presented on Principles 
of Design and Development of Al- 
loys for Use Above 1250°F by N. J. 
Grant, Massachusetts Institute of 
Technology; and Jet Engine Mate- 
rials Problems by R. B. Johnson, 
General Electric Co. Arrangements 
for the High-Temperature Alloys 
Symposium were made by W. R 
Hibbard, Jr. and J. J. B. Rutherford 


Research Summaries and Seminars 

During the three-day meeting, re- 
search summaries and seminars 
were held on such subjects as de- 
formation, recrystallization and 
grain growth, diffusion and related 
phenomena, constitution and gen- 
eral metallurgy, and phase trans- 
formations. “Research summaries” 
provided brief presentations on in- 
terested papers on detailed findings 
on research recently completed 
“Research seminars" were designed 
to give an integrated summary of 
the broader fields of research con 
ducted over a period of years 

The AIME Philadelphia Section 
served as host at a cocktail party 
preceding the IMD Annual Dinner 
on Tuesday evening, October 18 
Responsible for the success of both 
events were F. J. Dunkerley, Chair- 
man of Philadelphia Section, and 
F. B. Foley, Chairman of the Local 
Arrangements Committee 

J. S. Smart, Jr., Chairman of 
IMD, served as toastmaster at the 
dinner. G. A. Roberts, President of 
ASM, gave a message of greeting 
H. DeWitt Smith, President of 
AIME, described future plans for 
the Institute 

The speaker of the evening was 
Dr. Froelich Rainey, director of the 


Shown during a lull in the proceedings at the banquet held during the IMD fall meeting are, seated left to right: J. H. Scaff, 


A. W. Schlechten, T. 8. Counselman, Froelich Rainey, J. S. Smart, Jr, H. DeWitt Smith, and George Roberts 


Standing, left to 


right: Ernest Kirkendall, F. 8. Foley, C. S. Barrett, A. 8 Kinzel, F. J. Dunkerley, Walter Dean, and R. W. Shearman 
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University Museum, University of 
Pennsylvania. His topic was Spec- 
ulations of an Archeologist on 
World History Dr. Rainey de- 
scribed the rise and fall of civiliza- 
tions from the earliest times to the 
present day, with an implication as 
to the terrible fate that may be in 
store for our Western civilization, 
if the history of the world has set 
any precedent, While Dr. Rainey’s 
tulk brought enthusiastic applause 
the real treat of the evening was the 
question and answer period that 
followed for 45 min. A large num- 
ber of people present fired questions 
at the speaker, all of which brought 


forth thought-provoking answers. 
In thanking Dr. Rainey, Chairman 
Smart stated that this talk had been, 
without doubt, one of the best pre- 
sented at IMD Fall Meetings in 
many years 


The Fall Meeting provided an 
opportunity for a number of IMD 
committees to meet and conduct 
necessary business. The committees 
active during the meeting were the 
IMD Publications Committee, under 
the leadership of W. R. Hibbard, Jr., 
who relinquished the chairmanship 
to P. A. Beck; the Programs Com- 
mittee, under the chairmanship of 


NOHC Globe Trotters Meet in Kansas City 


The AIME Southwestern Section 
of NOHC known as The Globe Trot- 
ters held their fall meeting at the 
Hotel President, Kansas City, Mo., 
October 6 and 7. Members took a 
plant trip Thursday afternoon 
through Sheffield Steel Co. in Kansas 
City, Mo 

Friday morning's session was 
chairmaned by K. P. Campbell, 
Sheffield Steel Co., and featured the 
following papers: Ladle Additions 
Using Silicon Carbide or Silicon 
Carbide and Aiuminum by S. M 
Purcell, Lone Star Steel Co., and 
G. W. Brooks, Sheffield Steel Co.; 
Improved Methods of Scrap Prep- 
aration and Handling, Including 
Bundling by Charles Campbell, Col- 
orado Fuel & Iron Corp.; and M 
Walker, Sheffield Steel Co.; and New 
Trends in Firing Practice and Fur- 
nace Pressure Control by E. Goodin, 
Granite City Steel Co. A movie, Per- 
petual Harvest, on scrap for steel- 
making was shown by W. M. Alex- 
ander, Sheffield Stee! Co 

Chairman of the afternoon session 
was W. Steinheider. Papers in- 
cluded: Up to Date Methods and 
Equipment for Bath Temperature 
Measurements by T. V. Wainwright; 
Surface Condition of Semi-Killed 
Steel by K. P. Campbell, Sheffield 
Steel Co., and Marcel Tarris, Granite 
City Steel Co.; and Extended Use of 
Basic Brick in Uptakes and Arches 
by Al Sommer, Keystone Steel and 


W. J. Harris, Jr.; the Membership 
Committee with David Swan, Chair- 
man; the Nuclear Metallurgy Com- 
mittee with J. H. Frye, Jr., Chair- 
man: the Titanium Committee with 
J. H. Jackson, Chairman; and the 
IMD Executive Committee under 
J. S. Smart, Jr.’s leadership. 


In large measure, responsibility 
for the success of the Fall Meeting 
is due to the work of J. S. Smart, 
Jr., Chairman of the Div., and to 
W. J. Harris, Jr., Chairman of the 
Programs Committee, ably assisted 
by R. L. Smith, Vice Chairman, re- 
sponsible for detailed planning 


Taking a moment between sessions are, left to right: Carl Henzelman, A. H 


Sommer, C. D. King, and D. J. Murphy, Jr 


\ 


Discussing one of the topics on the program at the meeting are, left to right: 
5. M. Purcell, Glen Siemiller, Charles Campbell, and Marcel Tarris. 


Among those responsible for the successful meeting were: William Steinheider, 
K. P. Campbell, J. M. Brashear, and H. P. Day 
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Wire Co., C. C. Benton, Algoma Steel 
Corp., and S. M. Purcell, Lone Star 
Steel Co. 

The Annual Fellowship Dinner 
was held that evening. Fred Herb- 
ster, div. manager, Sheffield Steel 
Co., was toastmaster and Rodger 
Fredikson, minister, First Baptist 
Church and director, Student Activi- 
ties, Ottawa University, was princi- 
pal speaker 

J. M. Brashear, Sheffield Steel Co., 
is Chairman of the Southwestern 
Section; and H. P. Day, Secretary- 
Treasurer. Program Chairman for 
this meeting was W. Steinheider 
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Truman O. Woodruff and Edward R. 
Stover have been appointed re- 
search associates in the metallurgy 
and ceramics dept., General Electric 
Research Laboratory 


Kenneth M. Bartlett was appointed 
executive vice president of Horizons 
Inc., Cleveland. Mr. Bartlett was 
former manager of research, Thomp- 
son Products, Inc 


Edmund G. Munson, Jr., was ap- 
pointed advertising manager for 
Utica Drop Forge & Tool Corp., 
Utica, N. Y. 


E. M. Uebel and K. H. Kirgin have 
joined the ductile iron section, In- 
iernational Nickel Co., development 
and research div 


Neil F. Meredith has been named 
production manager, Maple Grove, 
Ohio Works, Basic Refractories, Inc 


Herbert Ashcroft, Jr.. was named 
works manager, Bausch & Lomb 
Optical Co., Rochester, N. Y. 


Walter J. Barrett has been elected 
president of the United Engineering 
Trustees, Inc. Mr. Barrett is a direc- 
tor of AIEE, a director of EJC, and 
is electrical coordination engineer, 
N. J. Bell Telephone Co., Newark, 
N. J. 


T. B. Counselman has been made a 
partner in the firm of Behre Dol- 
bear & Co. and elected secretary- 
treasurer. Mr. Counselman is a di- 
rector and vice president of AIME. 


Samuel Storchheim has joined the 
Glen L. Martin Co., Baltimore, as 
group engineer in the nuclear en- 
ergy div. 


H. C. Meyer, chairman of the board, 
Foote Mineral Co., has retired after 
50 years of service to the company 


Setrak K. Derderian, general mana- 
ger, Metal Hydrides, Beverly, Mass., 
has been elected vice president. 


James E. Castle has been named 
manager of the industrial minerals 
div., International Minerals & Chem- 
ical Corp., Chicago. Mr. Castle had 
been plant manager for Foote Min- 
eral Co. at Kings Mountain, N. C. 


James F. McQuillan, manager, Hous- 
ton plant, federated metals div., 
American Smelting & Refining Co., 
has been named assistant general 
manager of the midwestern dept 


Leslie E. Simon, Major General, U.S 
Army, retired, formerly assistant 


chief of ordnance for research and 
development, U.S. Army Ordnance 
Corps, has been appointed director, 
research and 
Carborundum Co., 


div., 
Falls, 


development 
Niagara 


A. S. COHAN 


Alvin 8S. Cohan, former manager of 
publications for AIME and editor of 
JOURNAL OF MeTALS, has been ap 
pointed assistant director of public 
relations and advertising for Tita 
nium Metals Corp. of America, New 
York. Mr. Cohan is a graduate of 
Rensselaer Polytechnic Institute in 
metallurgical engineering. He spent 
several years in research, develop 
ment, and production in powder 
metallurgy and high temperature 
metals. He has done consulting in 
technical writing and _ industrial 
public relations and is contributing 
author on metallurgical subjects to 
the Encyclopedia Americana 


P. Condor is metallurgist with the 
research laboratory of the British 
Thomson-Houston Co. Ltd., Rugby, 
England 


S. Ramachandran has joined the 
Youngstown Sheet & Tube Co., 
Youngstown, in the mill research 
and development dept 


G. Bhat has left the staff at Lehigh 
University, Bethlehem, Pa., to accept 
a position with the Crucible Steel 
Co. of America. He is now a research 
metallurgist in the research labora 
tories in Pittsburgh 


Harold R. Fisher is a senior metal 
lurgist in the research and develop 
ment dept., Lynchburg Foundry Co., 
Lynchburg, Va. He had been associ 
ated with the Air Reduction Co.,, 
Inc 


Edward 8. Smith, Universal Cyclops 
Steel Corp., Bridgeville, Pa., 
sistant melting superintendent 


is as- 


Glen J. Guarnieri has joined Thomp 
son Products, Inc., Cleveland, in 
staff research and development. Mr 
Guarnieri had been associated with 
Cornell Aeronautical Laboratory 
Inc., Buffalo 
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Personals 


Walter M. Pollit, Dresser Operations, 
Whittier, Calif. has been named 
supervisor for Pacific Semiconduc- 
tors, Inc., Culver City, Calif. 


E. C. Lane, Jr., is chief engineer for 
Mining Enterprises Corp., Marmato 
mines, Colombia, Mr. Lane had been 
associated with Frontino Gold Mines 
Ltd., Segovia, Colombia. 


Jack C. Carlson has been appointed 
a vice president of Kaiser Steel 
Corp., and general manager of the 
Montebello, Calif., fabricating div. 
plant 


Olin D. Blessing, sales manager, 
Dow Corning Corp., has been made 
a vice president, 


Thomas A. Henrie recently joined 
Electro Metallurgical Co.’s metals 
research laboratories, as a research 
chemist in the chemicals research 
group 


Don T. Grange has been appointed 
director of engineering for Inter 
national Minerals & Chemical Corp., 
Chicago. Mr. Grange has been chief 
construction engineer of the engi 
neering div., since January 1954 


Edward P. Sadowski has joined the 
development and research div., In 
ternational Nickel Co., Inc, Bay 
onne, N. J. Mr. Sadowski is in the 
iron alloys section of the research 
laboratory 


Walter Gramm was elected chair 
man of the board of directors, Great 
Lakes Carbon Corp. He succeeds the 
late George Skakel, Sr. 


Lauchlin M. Currie has been ap- 
pointed a vice president of Union 
Carbide Nuclear Co, Dr. Currie had 
been vice president of National Car 
bon Co 


Edward N. Case was appointed sales 
manager, Ajax Electric Co., Phila 
delphia. Mr. Case had been associ- 
ated with American Cyanamid Co 
for 12 years 


Ronald C. Vickery has become as- 
sociated with the chemistry and 
metallurgy research staff of Hori 
zons Inc., Cleveland 


V. S. Lazzara, president of Casting 
Engineers, Inc., Chicago, was elected 
president of the Investment Casting 
Institute, Chicago 


A. 8S. Rose has resigned from the 
I-T-E Circuit Breaker Co., Philadel] 
phia. He is now employed by the 
Radio Corp. of America, Harrison, 
N. J 


R. B. Freeman, U. S. Steel Corp., has 
been transferred from the Columbia- 
Geneva Steel div., Pittsburg, Calif. 
to Gary, Ind., as assistant general 
superintendent, sheet and tin mill. 


bs 
Te 
ties 


Russell V. Anderson has accepted a 
position at the Garfield smelter of 
the American Smelting & Refining 
Co., Salt Lake City. Mr. Anderson 
had been in charge of smelting op- 
erations at Mount Isa Mines Ltd., 
Queensland, Australia. 


David L. Wheeler is a junior metal- 
lurgical engineer for Alco Products, 
Inc., Schenectady, N. Y. Mr. Wheeler 
had been on the staff of the welding 
div., Battelle Memorial Institute, 
Columbus. 


Jackson R. Nichols is now with the 
National Supply Co., Torrance, Calif 
He had been with the American 
Smelting & Refining Co., East 
Helena, Mont. 


Clyde Williams was granted honor- 
ary membership in ASME. Dr. Wil- 
liams is president and director of 
Battelle Memorial Institute and a 
past president of AIME 


Carl Snider, Kaiser Aluminum & 
Chemical Sales, Inc., has been trans- 
ferred to Detroit where he _ will 
represent the chemicals div., as 
salesman in the Michigan and north- 
west Ohio area. He had been located 
in Oakland as a sales engineer. 


Harley William Wallis has joined the 
Andes Copper Mining Co., Potreril- 
los, Chile 


including graphite 


problems 
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JET PROPULSION LABORATORY 


of the 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, California 


offers opportunities in materials research 
CERAMISTS OR CHEMISTS 


for basic research on high-temperature ceramic and cermet systems. Studies 


of phase relationships, solid state and gas reactions, and thermal and me- 
chanical properties of oxides, nitrides, carbides, borides, and other moterials, 


SOLID STATE PHYSICISTS OR PHYSICAL METALLURGISTS 
tor basic research, primarily on metals. Studies of mechanisms of deforma 
tion and fracture at high temperotures in single crystal and polycrystalline 
materials, imperfections in metallic lattices, radiation damage, and related 
METALLURGISTS OR MECHANICAL ENGINEERS 


for research and development on high-temperature materials, titanium, and 
other metols and non-metals for use in jet engines and rockets 


METALLURGISTS 


for research studies on moterials of interest in nuclear propulsion 


Openings exist at BS, MS and PhD levels. Airmail your summary of 
quolifications to 


CALTECH | JET PROPULSION LABORATORY 
4800 Oak Grove Drive, Pasadena, California 


D. J. GIRARDI 
Daniel J. Girardi has been ap- 
pointed metallurgical engineer in 


charge of research and process con- 
trol, Timken Roller Bearing Co., 
Canton. 


William K. McAleer has joined the 
plastics div., Curtiss-Wright Corp 
He was formerly associated with the 
McNally Pittsburgh Corp., Pitts- 
burg, Kan 


Watt W. Webb recently joined the 
staff of the Electro Metallurgical 
Co.’s metals research laboratories, 
Niagara Falls, N. Y 


R. E. Calhoun has been appointed 
western manager for American 
Zinc, Lead & Smelting Co., St. 
Louis. The firm has established 
headquarters in Salt Lake City for 
western operations of the parent 
company and its subsidiaries. Mr. 
Calhoun has been southwestern 
representative with headquarters in 
El Paso since 1950. He joined the 
organization in 1926. Hiram F. Mills, 
chief western geologist, will also be 
located at Salt Lake City. Mr. Mills 
joined the company in 1927 and has 
held his present position since 1951. 
Howard Lee Young, vice president, 
American Zinc Sales Co., a subsid- 
iary, has been elected a vice presi- 
dent of the parent company. Wil- 
liam J. Matthews, Jr., is vice presi- 
dent and treasurer. He has been 
with the company for 39 years. 


Clarence V. Burns is vice president 
and controller. 
secretary. 


Ralph C. Perkins is 
Dale I. Hayes, formerly 


G. L. SPENCER, JR. 


western manager, has been appoint- 
ed assistant to the president and 
will be located at Knoxville, Tenn. 
John W. C. Currie, general superin- 
tendent, Grandview mine, Metaline 
Falls, Wash., has been promoted to 
resident manager and Ewald A. 
Frick was promoted to assistant res- 
ident manager at the same property. 
George L. Spencer, Jr., general su- 
perintendent, East St. Louis opera- 
tions, has been appointed vice presi- 
dent. L. P. Davidson, general super- 
intendent of the electrolytic div., 
Monsanto, Ill, since 1940 has been 
promoted to manager of that divi- 
sion. Thomas I. Moore has been pro- 
moted to general superintendent of 
the electrolytic div., succeeding Mr 
Davidson. Mr. Moore had been as- 
sistant superintendent since 1941. 


George T. Paul has joined the Inter- 
national Nickel Co., Inc., as a mem- 
ber of the development and research 
div., corrosion engineering section, 
New York. Before joining Inco, Dr. 
Paul was with the American Cyana- 
mid Co. as a chemical engineer in 
the process engineering section, or- 
ganic chemicals div., Bound Brook, 
N. J. 


| 
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C. A. AREND, JR. 


Carl A. Arend, Jr., has been ap- 
pointed general manager of the pot- 
ash div., International Minerals & 
Chemical Corp. Mr. Arend has been 
manager of International's mining 
and chemical operations at Carlsbad, 
N. M. 


Charles C. McCarthy has been ap- 
pointed aluminum product manager 
for the Whitehead Metal Products 
Co., New York. Mr. McCarthy joined 
the company in 1933 at the Boston 
office. 


John I. Yellott, director of research, 
locomotive development committee, 
Bituminous Coal Research, Inc., 
New York, has been named:an as- 
sistant director of Stanford Research 
Institute, Menlo Park, Calif. Mr. 
Yellott will head the development of 
the solar energy research program 
in cooperation with the Assn. for 
Applied Solar Energy. Mr. Yellott 
will be located in Phoenix. 


Allan E. Goldman and Sidney G. 
Holder, Jr., have been appointed to 
the staff of the atomic energy in- 
stallations operated by Union Car- 
bide Nuclear Co. at Oak Ridge, 
Tenn. 


E. R. Couch has been appointed 
manager of stationary compressor 
sales for Le Roi Div., Westinghouse 
Air Brake Co., Milwaukee. 


John R. Hewitt has been named dis- 
trict sales manager, Harbison-Walk- 


er Refractories, Pittsburgh. Mr. 
Hewitt will be located at Boston. 


John T. Castles was recently named 
manager of the elastomer market 
development unit, General Electric 
Co., silicone products dept., Water- 
ford, N. Y. 


Walfrid H. Johnson and Arthur W. 
Bailey have been named sales rep- 
resentatives, metals div., Olin Math- 
ieson Chemical Corp., New York 
Mr. Johnson will report to the Long 
Island sales office and Mr. Bailey 
will make his headquarters in Mil- 
waukee. 


David J. Stark was elected vice 
president, Escambia Bay Chemical 
Corp. Mr. Stark is plant manager 
for Ascambia. The firm is owned by 
United Gas Corp., Electric Bond & 
Share Co., and National Research 
Corp. 


J. Carlisle MacDonald has retired as 
assistant to chairman of the board 
in charge of public relations, U. S. 


Steel Corp., New York. Mr. Mac- 
Donald organized the company’s 
public relations dept. in 1936 and 


has been in charge since that time. 


David D. Nickerson has been elected 
assistant treasurer of the National 
Research Corp., Cambridge, Mass. 


Obituaries 


Henry Yonge Walker (Member 
1916), president of the American 
Smelting & Refining Co. from 1947 
to 1949, died on July 2 in Palo Alto, 
Calif. Born in Moncton, New Bruns- 
wick, Canada, Mr. Walker began his 
career as a metallurgical bookkeeper 
for the M. Guggenheim’s Sons inter- 
ests at Pueblo, Colo. He joined 
AS&R in 1901. During his 50 years 
with the company he was located at 
Everett, Wash.; Tacoma, Wash.; and 
in 1925 was named western general 
manager. Three years later Mr. 
Walker was transferred to New 
York as a director and vice presi- 
dent in charge of all smelters and 
refineries. He was elected president 
in 1947, and served in that capacity 
until his retirement. 


sending experience records, 


should be stated. 


Technical Editor Wanted 

A position is open at AIME headquarters for a young engineer to do 
editorial work on JOURNAL OF METALS 
ground and experience from the fields of extractive metallurgy, physical 
metallurgy, iron and steel is preferred. The primary qualification, other 
than a degree in one of the above fields and a minimum of two years’ 
experience in the metals industry, is an interest in, or an aptitude for, 
editing and writing. The editorial work involves procuring articles of a 
news or technical nature; editing or rewriting them to meet magazine 
specifications; and supervising these articles and other sections of the 
magazine through all phases of magazine production. Applicants should 
apply to: Editorial Director, AIME, 29 W. 39th St.. New York 18, N. Y., 
references, photograph, 
qualifications for the job. Date of availability and salary requirements 


A man with educational back- 


and any special 


Developers 
of the 
Corporal 
Guided 
Missile 


JET 
PROPULSION 
LABORATORY 


CALIFORNIA 
INSTITUTE OF 
TECHNOLOGY 


Active in all phases 
of propulsion and related 
materials research. 


The nation’s foremost 
Quided-missile research 
and development facil 
ity, established in 
1940, offers excep 
tional opportunities for 
engineers and research 
scientists in a brood 
range of propulsion 


and materials research 
Problems Special inter. 
ests include polymer 
chemistry, solid-state 
physics, heat transfer, 
propellant research, 
metallurgy, and high- 
temperature technol- 
ogy. The Laboratory 
offers a stimulating 
blend of ocademic and 
industrial environments 
Attractive salaries ore 
offered. 


A brochure describing 
opportunities and 
activities at the 
Laboratory will be sent 
upon request. 


1ON LABORATORY 


IMETITUTE OF TECHNOLOGY 
4000 Ont GHOVE 
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John D. Hysong (Member 1952) died 
in Pittsburgh on July 23, following 
a short illness. Mr. Hysong had been 
Chicago district sales manager for 
Basic Refractories, Inc., Cleveland. 
He had attended the University of 
Pittsburgh, Duquesne University, 
and St. Vincent College. In 1923 he 
joined the U. 8S. Steel Co., Home- 
stead, Pa. He remained with this 
firm until 1941 when he joined the 
R. W. Hunt Co., Pittsburgh, as open 
hearth rail and heat inspector. In 
1942 Mr. Hysong joined Basic Re- 
fractories as service engineer 


Herbert J. French (Member 1934), 
vice president of the International 
Nickel Co., Inc., and assistant vice 
president of the International Nickel 
Co. of Canada, Ltd., died on August 
17 at the age of 62. A native of New 
York City, he attended the School of 
Mines at Columbia University and 
received a degree of metallurgical 
engineer in June 1915. He joined 
American Smelting & Refining Co. 
at Murray, Utah as a chemist and 
assayer. Mr. French returned east 
and joined the General Vehicle Co., 
a subsidiary of General Electric Co., 
as a metallurgical engineer. In 1917 
he was appointed to the U. S. Army 
Signal Corps. He was employed by 
the government in various depart- 
ments for several years and also 


PROFESSIONAL SERVICES 
Limited to AIME members, or to com- 
panies that have at least one AIME 
member on their staffs. Rates $40 per 

year per inch. 


LEDOUK & COMPANY 
Cnemists Assoyers Spectroscopists 
SHIPPERS REPRESENTATIVES 
Mine Examination Analyses 


359 Alfred Ave. Teaneck, New Jersey 


MAX STERN 
Consulting Engi 
Expert for Scrap Recovery and Ship 
wrecking — Modernization of Plants 
and Yards for Ferrous and Nonferrous 
Metal Scrap 
149 Broadway New York 6, N. Y. 


H. L. TALBOT 
Consulting Metallurgical Engineer 


Extraction and Refining of Bose Metals 
Specializing in Cobalt and Copper 


Room 330, 64 State St., Boston 9, Moss. 


DR. E. TSUTSUMI 


Registered Japanese Patent Attorney & 
Metallurgical Consulting Engineer 
Patent Matters——Reseorch technical 
text translated from Japanese into Eng 
lish or vice versa: 2¢ per English word 


Cc. P.O. Box 1545 Tokyo, Jepon 
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during the second world war. In 
1929 he joined the International 
Nickel Co. at Bayonne, N. J. Two 
years later he was transferred to 
New York. In 1943 Mr. French was 
appointed assistant manager of the 
alloy steel & iron development div. 
He was appointed vice president of 
Inco in 1947 


J. J. Harroy (Member 1948) died on 
August 5. Mr. Harroy was born in 
Belgium and graduated from the 
University of Liege, Belgium. He 
had been associated with the Societe 
Foraky, Charbonnages en Cham- 
pine, and had been an engineer with 
the Service of Mines de la Societe 
OUGREE, Belgium. In 1943 he was 
a consulting engineer for the Societe 
Royale Asturienne des Mines in Ma- 
drid 


R. B. Lane (Member 1931) died dur- 
ing September 1955. He was born at 
Bishops Castle, England in 1898. He 
was a metallurgical engineer and at 
one time had been employed by 
John Miles & Partners (London) 
Ltd. 


Haakon Styri (Member 1919), re- 
tired director of the research labo- 
ratories, SKF Industries, died on 
September 15. Dr. Styri was born 
in Norway. He had been a professor 
at Carnegie Institute of Technology. 
Following this he joined SKF as 
laboratory chief. He had been re- 
search director from 1927 until his 
retirement in 1951. At that time he 
received the St. Olav’s medal and 
diploma from King Haakon VII in 
recognition of his assistance in Nor- 
way relief work during World War 
II. 


Henry Warren, Jr., assistant general 
superintendent of the Fairless 
Works, U. S. Steel Corp., died at the 
age of 43. Mr. Warren was a native 
of Windsor, Vt., and graduated from 
Pennsylvania State College in 1934. 
He also studied metallography at 
Carnegie Institute of Technology. In 
1934 he joined U. S. Steel at the 
Homestead Works. He was made 
division superintendent of open 
hearth furnaces end in 1951 was 
transferred to the Fairless Works. 


Necrology 


Date of 
Death 


Date of 
Election Name 
1948 Carl L. Alt Unknown 
1951 J. W. Bahen Nov. 11, 1965 
1929 Burt B. Brewster Unknown 
1928 J.H. Colville Oct 
1951 Glesey Nov 
CD. Huffine Nov 
1946) «6H. V. Lauer July 
1915 George A. Macready Nov 
1942 Oct 
1953 ! Sept 
1901 Oct 

Walter J. Morris Mar 

Roy R. Nissley July 

Fraser D. Reid Sept 

Adron L. Rush Aug 

A. M. Tweedt Nov 

8. M. Thompson Feb 

C. B. Willmore 


Clarence A. Wright June 10, 
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Trade-Mark 


DENSE PRODUCT E:rcrnomer 50 per cent 


ferrosilicon is a uniformly dense product. 


The alloy penetrates the slag without delay 
and goes into solution fast. This provides 
fast blocking action and saves furnace 
time. 


UNIFORM ANALYSIS — In every shipment of 
ELectromet ferrosilicon, you obtain a uni- 
form product of dependable chemical anal 
ysis. This permits close metallurgical con- 
trol for open hearth steel specifications 


WIDE RANGE OF SIZES - An adequate range 
of sizes, for both lump and crushed mate 
rial, allows you to select the size best suited 
to your melting practice and melting facili 
ties. ELectnomet ferrosilicon is uniformly 


sized from lot to lot. 


Lump sizes are: 75 lb. x 4 in.; 8 in. x 4 in. 
and 5 in. x 2 in 


Crushed sizes include: 4 in. x ‘2 in.; 2 in. x 
‘2 in.; | in. x “% in.; “2 in. x Down; % in, 
x 12 Mesh; 8 Mesh x Down; and 20 Mesh 
x Down. 


TRACE Mate 


Ferrosilicon 


for FAST deoxidation 


saves furnace time 


Dissolves fast and 


Provides close metallurgical control 


Keeps open hearth heats uniform 


ANALYSIS AND GRADES OF “ELECTROMET” 50% FERROSILICON 


47 to 51% 


Regular Grade . Silicon 


Blocking Grade ‘8 Silicon 47 to 51% 


Silicon . . 471051% 


0.04 to 0.05% 
or higher if desired 


Boron-Bearing Grade 


Silicon . . . 471051% 
max. 0.40% or 0.10% 


Low-Aluminum Grade 


Aluminum 


A SURE SUPPLY PLUS GOOD SERVICE 


is ready for immediate shipment from six plan's and warehouses con- 


E.ectromet 50 per cent ferrosilicon 


veniently located to serve you. Sufficient stocks are kept on hand to meet 


the varied requirements of ferrosilicon users. Our staff of experienced metal- 


lurgical engineers is always ready to give you technical help. For further 


information about E._ectromet 50 per cent ferrosilicon, as well as other 


E._ectromet ferro-alloys and metals, please contact the nearest E.ecrromet 
office listed below. 


The term “Electromet” is a registered trade-mark of Union Carbide and Carbon Corpo 


ration 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
East 42nd Street New York 17. Y. 


Mays Evate| Metals 


(4 
4 \ 
\ \ 
// fay 
He 
WA 
ae 
| 
a 
Houston « | Angeles New York P San Fra aco 
In Canada: Electro Me 


MAKE EVERY 
HEAT COUNT! 


with RECA B-X. 
for the ladle 


FAST CORRECTION FOR OFF-CARBON HEATS — a convenient 50- 
pound bag of RECARB-X tossed into the ladle will give two points of carbon pick-up 
per 100-tons of steel. 


REDUCED LADLE REACTION — RECARB-X does not cause churning, boiling 


or other violent ladle reactions. It avoids oxidation of alloys and temperature losses by 
dissolving quickly and quietly. 


IDEAL FOR QUALITY STEEL — recars-x is consistently efficient at all 


carbon levels . . . effective in maintaining maximum rimming action on all high carbon 
rimmed heats . . . ideal for close carbon specifications. 


HELPS THE MELTER — recars-x added to the ladle will insure carbon speci- 
fications. RECARB-X gives the melter time to finish all heats to proper S, Mn, P, etc. 
specifications . . . and to tap at the best temperature. 


SAFE — no odor or flames to hurt workmen or damage equipment. Light 50-pound 
bag is easy to toss into the ladie. 


ECONOMICAL — RECARB-x isa profit-making in- 
vestment. Keep your mill schedule. Put more heats into 
the soaking pit at exact carbon specifications. Make every 
heat count with RECARB-X. 


Write for the RECARB-X bulletin today. Get the full 
facts and arrange a test... we will be happy to cooperate. 
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